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Preface

This book encompasses a revised version of the PhD dissertation written by the author,
at the School of Information Technology and Electrical Engineering of the University
of Queensland (Australia). In 2018, the PhD dissertation won the “CAiSE PhD
Award,” granted to outstanding PhD theses in the field of information systems
engineering.

Over the past two decades, the need to model business rules in an integrated manner
with business process models has been argued theoretically as well as validated
empirically, and a variety of integration methods have been developed. However,
several open research questions remained.

First, while researchers have argued that integrated modelling of business process
models and business rules can improve user understanding of business processes, this
proposition has neither been theoretically analyzed nor empirically evaluated. Second,
there are situations in which a business rule is better modelled independently of a
business process model, but also situations in which it is more appropriate to integrate
the rule with a business process model. An important aspect of integrated modelling is
the understanding of such situations and how they influence business rule
representation.

To address these open questions, the research has the following three objectives:
(1) theoretically analyze and empirically evaluate if and when business rule integration
can improve business process model understanding, (2) identify and evaluate factors
that will influence the decision of whether or not a business rule should be integrated
with a business process model, and (3) develop a decision framework that guides
modellers on whether or not, and if so how, to integrate a business rule with a business
process model. Accordingly, three studies were carried out to fulfill each of these
objectives.

The first study is an experiment empirically evaluating whether business rule inte-
gration can improve business process model understanding. This study used an
experiment investigating the effect of process model understanding of a specific rule
integration approach, rule linking, which uses graphical links to connect process model
symbols with rules. We used traditional measurements to test the understanding per-
formance and used neurophysiological measurements to observe the cognitive load and
other cognitive behaviors. The study results showed that rule integration via rule
linking can improve the understanding of process models, thus empirically evaluated
the arguments of rule integration introduced in Chapters 1 and 2, and provided moti-
vation for the second study.

The second study is an exploratory study identifying and evaluating factors that
influence the decision of whether or not a business rule should be integrated with a
business process model. In Study 2, a systematic process of identification of factors that
are thought to influence the integration decision was conducted. A systematic literature
review was conducted to identify these factors, resulting in 12 factors being identified.



The evaluation, via a survey with experts, resulted in the identification of four factors
that affect the integration decision.

The third study follows a design science research to develop a decision framework
that guides modellers on whether to integrate a business rule with a business process
model. The decision framework is designed based on the synthesis of literature and
insights from Study 1 and Study 2.

This book combines multiple research methods, experiment, survey, and design
science, as well as traditional measurements and neurophysiological techniques that
can capture a variety of cognitive behaviors in human information processing, pro-
viding more solid and comprehended research findings. While the focus of the book is
the modelling of process models and rules, the methods and techniques used in this
book can also be adopted and applied to broader conceptual modelling research
incorporating a variety of notations (e.g., UML, ER diagrams) or ontologies.

November 2018 Wei Wang
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Chapter 1
Introduction

1.1 Overview

Enterprise information, such as policies and procedures, enterprise data, enterprise
social networks, and emails, to name a few, all reside in different information
systems. This situation results in information silos, which in turn lead to the
increased cost of information integration and reduced capacity for exploiting syn-
ergies within the organization. In fact, information silos in organizational infor-
mation systems can result in inefficiency of information retrieval, redundancy and
conflicts between information assets of the company, leading to duplication of
efforts and job roles, as well as an incomplete understanding of the organization.

A prominent case of information silos can be found in business process manage-
ment systems and business rule management systems. In the Business Process
Management (BPM) life cycle, the success of business process (re)design, analysis,
and simulation are all underpinned by the assumption that business activities are well
understood. This understanding is extracted from graphical process models, which
mainly focus on the temporal or logical relationships between business activities, as
well as business rules, which are the constraints and mandates that control the beha-
viour of the process and business activities. Both business processes and business rules
focus on creating a representation of the organization’s policies and practices. They are
complementary modelling approaches as they address distinct aspects of organiza-
tional practices. The conceptual and pragmatic overlap between business process
models and business rules indicates a need to model the two related aspects together.

Over the past two decades, the need to model business rules in an integrated
manner with business processes has been argued theoretically as well as validated
empirically, and a variety of integration methods have been developed. However,
the following questions have not yet been answered by current research.

First, while researchers have argued that integrated modelling of business pro-
cess models and business rules can improve the understanding of business pro-
cesses, this proposition has neither been theoretically analysed nor empirically
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evaluated. Second, there are situations in which a business rule is better modelled
independently of a business process model, but also situations in which it is more
appropriate to integrate the rule with a business process model. An analysis of these
situations has not been undertaken and thus the ability of make informed decisions
on modelling approaches is also compromised.

1.2 Background

A business process is a structured collection of activities that accomplishes a specific
goal that creates value for an organization [1]. A business process model is a
graphical representation of a business process, defining the ways in which operations
are carried out thus to accomplish the specific objectives of an organization. The
control flow, i.e. the sequence of activities in a business process model, is an
essential part of organizational internal control, and business process models play a
key role in the management of information systems. A business process model is
used to design a business process. While making a process model, a modeller views
the process from various perspectives, and designs the process according to
requirements. Stakeholders use a process model to structure, discuss, and share an
understanding of business practice among one another. The process models enable
users to “play out” different scenarios and thus enable the designer to make modi-
fications and justifications according to the feedback. Model based performance
simulation can be used to understand the factors influencing response time, service
level and other performance indicators. Model based compliance checking ensures
that designed practices will be in compliance with regulations and procedures.

The modelling of business processes also involves business rules, which specify
constraints, obligations, permissions, restrictions, necessities, possibilities, and
prohibitions [2]. Business process models and business rules focus on different
aspects of an organization’s practices. Business process models focus on the
activities and steps that accomplish a specific objective, and business rules limit the
choice of approaches toward achieving the objective, but does not suggest a specific
sequence of steps [3]. Although business process models and business rules focus
on different aspects of organization’s practices, they are both essential parts of
organizational internal control that assures the achievement of an organization’s
objectives in operational effectiveness and efficiency, and compliance with laws,
regulations and policies. Business rules typically fall into two categories: Rules that
describe relationships and constraints among data elements (structural business
rules), and rules that describe the governing principles of process execution, such as
execution pathways and user privileges (behavioural business rules) [4]. The former
kind can be represented in data models, while the latter kind affects activities in
process models. In this research, we focus on behavioural business rules.

Business process modelling and business rule modelling both focus on creating a
representation of the organization’s practices (current or future). They are com-
plementary modelling approaches as they address distinct aspects of organizational
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practices. The conceptual and pragmatic overlap between business process models
and business rules indicates a need to model the two related aspects together [5].

While process models can incorporate complex business rules, in practice, the
support for representation of business rules in process modelling notations is lim-
ited [6]. Often, organizations represent such rules in natural language (or in one of
the main business rule modelling languages – e.g. [7, 8]). Anecdotal evidence
suggests that organizations also store such representations in separate text docu-
ments, spreadsheets, or disconnected business rule repositories [8].

While all graphical process models generally integrate some rules (e.g. control
flow of the process), business rules can be represented in an integrated manner or in
a separated manner. When represented in an integrated manner, they are shown
graphically in a process model, either as text annotations, as graphical links to
external rules, or diagrammatically using the native notation of the graphical model.
When modelled in a separated manner, they are captured in separate documents or
rule engines, and the relations and connections of business process models and the
rules are not explicitly represented in the process models. Traditionally, business
rules, other than control flow, are modelled in a separated manner [8].

It is ideal to build in as many controls as possible in process models, since these
controls, being automatic, will always be exercised since they are built into the
design of the business system software. However, in practice, for reasons such as
lack of business domain knowledge, difficulties in designing, the representation
capacity of modelling languages, the incapability of tools and systems to support
the representation of controls, the cost of software modification, and the need of
flexible processes, some internal controls considered to be necessary are often not
built into business process models. Instead, they are documented in business rules,
which are separated from process models, and cannot work efficiently with process
models to assure the operations in an organization are correct, effective, efficient,
and compliance with laws, regulations and policies. Such separation of the
graphical process model and relevant business rules can hinder the development of
a shared understanding of a process, effective communication, process improve-
ment, decision-making, etc., and can introduce risks of noncompliant process
execution. When separation of the business process model and a set of corre-
sponding business rules occurs, it is easy for model users to be unaware of the
corresponding rules when interacting with a business process model. This situation
gives rise to a risk of users inadvertently breaching required standards of operation
or making ill-informed decisions. Even if the users are aware of the separate sources
of information relevant to the business process of interest, they need to search for
and locate the rules, interpret the relevance between each rule and a corresponding
part of the process model, and, finally, they need to mentally integrate this infor-
mation to form a holistic mental representation of the business process. This situ-
ation could result in different stakeholders, such as process designers, information
systems developers, or process participants, having inconsistent or even conflicting
understandings of the same process.

1.2 Background 3



Researchers argue that the integration of business rules with business process
models can achieve better process model understanding and communication [9, 10],
and improved governance, risk management and control [11, 12]. At the same time,
however, researchers have identified a general lack of capability and guidance
among process modelling languages to adequately represent business rules [13]. For
example, Green and Rosemann [14] identified limitations with respect to modelling
business rules in their investigations of all five views of Architecture of Integrated
Information Systems (ARIS), a popular enterprise architecture framework.

Over the past two decades the need to model business rules in an integrated
manner with business processes has been argued theoretically [5, 15] as well as
validated empirically [16, 17], and a variety of integration methods [11, 15, 18–23]
have been developed during this time. Although the benefits and methods of
integrated business rule modelling have been well studied, there is a lack of
guidance outlining the circumstances under which business rules should be inte-
grated in a business process model, yet such a decision is not a straightforward one.
The answer to this rule modelling question is affected by the representational
capacity of modelling languages used, the support of systems used, and the char-
acteristics of each specific rule and process model such as if the rule updates
frequently, if the rule regulates several processes, if the rule is currently well
enhanced in the organization operations, etc. There are situations under which it
may be more appropriate to integrate a business rule with a business process model,
and situations under which a business rule is better modelled separately from a
business process model. For example, while integrating business rules with the use
of text annotations can provide more information to the user, such additional
information increases the total number of symbols and text in the model, thus
increasing the model’s complexity. This increased complexity results in higher
levels of difficulty in interpreting the model as a whole. Such integration may also
lower business rule reuse and may make rule maintenance and update more diffi-
cult. Zur Muehlen et al. [8] were the first to argue the need for an rule integration
guideline, and listed five factors (rule change frequency, implementation respon-
sibility, understanding of implications, source of change, and scope) that could
affect the decision of whether a business rule should be integrated with a process
model or should be modelled separated. However, without proper evaluation, the
validity of each factor cannot be fully established. Investigation and validation of
each factor’s decision-influence on the representation of a business rule is also
needed, and a decision framework that can guide modellers to make informed
decision on whether or not to integrate a business rule with a process model.

1.3 Aim and Objectives

The aim of this thesis is to develop a decision framework that guides modellers on
whether or not to integrate a business rule with a business process model. Two
questions need to be answered as prerequisites before the development of the
decision framework.
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First, while researchers have argued that integrated modelling can improve the
understanding of business processes, this proposition has not been empirically
evaluated. Current body of knowledge lacks the knowledge that if such integration
can improve understanding, why such integration can improve understanding, and
which aspect of understanding can such integration improves (understanding
accuracy, understanding time efficiency, and the cost of mental effort in under-
standing). Only when we can answer these questions, we can have a deep under-
standing of rule integration, thus develop modelling languages and methods which
can further improve the modelling of processes and rules. On the other hand, if the
proposition that rule integration can improve process model understanding cannot
be proven to be true, the intended decision to integrate business rules with business
process models will lose its motivation. If the proposition is proven to be true, then
we can go to the next question, which is to decide whether or not we should
integrate a business rule with a business process model. Thus, we have our first
objective:

Objective 1: Theoretically analyse and empirically evaluate whether business
rule integration can improve business process model understanding.

Second, we argue, along the lines of [8], that there are situations under which a
business rule is better modelled independently of a business process model, and
also situations under which it is more appropriate to integrate the rule with a
business process model. It follows then, that an important aspect of integrated
modelling is the understanding of such situations and how they influence business
rule representation. While the decision in regards to how a rule should be modelled
is not a straightforward one, little guidance exists that can help modellers make such
a decision. This shortcoming results in fragmented and inconsistent business pro-
cess and rule models. Thus, we have our second objective:

Objective 2: Identify and evaluate factors that will influence the decision as to
whether or not a business rule should be integrated with a business process model.

Finally, only after we have a conclusive, indicative answer of whether inte-
grating business rules and business process models can improve business process
model understanding, and only after we have clarified what the factors are that
affect the decision as to whether or not a business rule should be integrated with a
business process model, and clarified what the effects of such factors on the
decision are, can we start to develop the decision framework:

Objective 3: Develop a decision framework that guides modellers on whether or
not to integrate a business rule with a business process model towards achieving the
benefits of integrated modelling, based on the research results from Objective 1 and
Objective 2.

Accordingly, we carried out three studies to fulfil each of these objectives. We
briefly introduce each of the studies here, and explain the research method we chose
for each study in Chap. 3.

Study 1: An experiment empirically evaluating if business rule integration can
improve business process model understanding. This study used an experiment
investigating the effect of process model understanding of a specific rule integration
approach, rule linking, which uses graphical links to connect process model
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symbols with rules. We used a cross-group experiment design with student groups,
giving two groups the same process models and rules, but different rule represen-
tations. In one group, the rules are linked to process models while separated in the
other group. We used comprehension questions to test the understanding accuracy
and used an eye-tracker to measure the understanding efficiency. The study results
showed that rule integration via rule linking can improve the understanding of
process models, thus empirically evaluated the arguments of rule integration
introduced in Chaps. 1 and 2, and motivated Study 2. The detailed introduction of
Study 1 is in Chaps. 4 and 5.

Study 2: An exploratory study identifying and evaluating factors that will
influence the decision of whether or not a business rule should be integrated with a
business process model. In Study 2, we carried out a systematic process of iden-
tification of factors that are thought to influence the decision about whether or not to
model business rules in an integrated manner. To identify these factors, a systematic
literature review was conducted based on a comprehensive set of well-regarded
Information Systems and Computer Science journals and conferences and twelve
factors were identified. An online survey was carried out with the participation of
the authors of the papers that were the sources for the factor identification to
validate the identified factors, and to evaluate their relative importance and effects
on the decision as to whether a business rule should be integrated with a process
model. The evaluation resulted in four important factors that affecting the decision.
The detailed introduction of Study 2 is in Chap. 6.

Study 3: Design science research, developing a decision framework that guides
modellers on whether or not to integrate a business rule with a business process
model. The decision framework is designed based on knowledge in literature and
knowledge built in Study 1 and Study 2, and consists of 3 components. The inputs,
the outputs, and the model. The inputs include a process model repository, a rule
repository, and the modeller’s inputs of the characteristics of a rule such as the need
of accessibility, agility, change frequency, the need of reusability, etc. The mod-
eller’s knowledge about the rule, the relevant process models, the modelling lan-
guages and systems being used, and other organizational settings are essential for
the modeller to measure the characteristics of a rule. The outputs of the decision
framework are the four possible solutions of how to model a business rule,
including (1) model the rule separately, (2) link the rule with related process
models, (3) diagrammatically embed the rule, or (4) embed the rule as texts. The
model part of the decision framework follows a step by step manner and contains
three decision points thus the decision maker can see why a decision path is
selected at each step until a final solution is reached. The detailed design of the
decision framework is introduced in Chap. 7.

6 1 Introduction



1.4 Outline of the Book

Chapter 2 is a literature review about business process modelling, business rule
modelling, business rule integration approaches, and business process model
understanding. First, we present the fundamental concepts of business process
models and factors that affect business process understanding. Then we introduce
business rules, which play an important role in process understanding, including the
definitions and classifications of business rules. Finally, we introduce the arguments
for the integration of business process modes and business rules, and three types of
integration approaches.

Chapter 3 introduces the overall research design of this thesis. The research
consists of three studies and the methodology of each study is introduced in turn.
Study 1 is an experiment empirically evaluating if business rule integration can
improve business process model understanding. Study 2 is an exploratory study
identifying and evaluating factors that will influence the decision of whether or not
a business rule should be integrated with a business process model. Study 3 consists
of design science research, developing a decision framework that guides modellers
on whether or not to integrate a business rule with a business process model.

Chapter 4 introduces the theoretical underpinning of Study 1. Chapter 4 con-
tributes to business process modelling research by providing a theoretical basis for
exploring the effect of integrating business process models and business rules on the
understanding of business processes. In this chapter, we introduce a 4-stage cog-
nition process in the context of process and rule modelling, viz. awareness, locating,
comprehension and integration, and adopt cognitive theories, including cognitive
load theory, information representation theory, and information integration theory,
to explore each stage. The theoretical analysis indicates that the integration of
business process models with business rules can improve awareness of business
rules, reduce cognitive effort and reduce errors in the locating of business rules and
the mental integration of business process models and business rules. Further, the
representation of business rules in diagrammatic form is more explicit for com-
prehension than sentential representation.

Chapter 5 introduces the experiment part of Study 1. In this chapter, the study
aimed to determine the effect that linked rules have on user understanding of a
business process model. We focused on three aspects of understanding: accuracy,
time efficiency, and mental effort. Our results suggested that the use of rule links
has a positive effect on all three aspects of understanding as compared to process
models with associated rules that are separately available. Second, we found that
while rule links can reduce time spent per visit overall, which is mainly caused by
the reduction of time spent per visit in the Rules Area, it will not increase the
overall number of attention switches in the three areas. Instead, rule links can
increase visits to the Process Model Area while decreasing visits to the Rules Area.

Chapter 6 introduces the identification and evaluation of factors that can affect
the decision to integrate business process modelling and business rule modelling.
First we present the methodology for factor identification, evaluation and decision
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analysis. Then we present the factors, and this is followed by the empirical eval-
uation of the factors. Finally, we provide six guidelines of rule integration based on
the data analysis from the evaluation.

Chapter 7 introduces how we developed the decision framework following the
design science research process. We briefly introduce the identification of the
problem, which is the lack of guidelines for deciding whether a business rule should
be integrated with a business process model; and the definition of the objective,
which is to develop a decision framework that can help modellers to make deci-
sions. As a key part of design science is the underlying knowledge that informs the
design and development of the artefact, we introduce the knowledge building
process as a new step in the design of the decision framework. Then we introduce
the decision framework itself with demonstration, and explain how the decision
framework can be evaluated.

Chapter 8 concludes the thesis with a discussion of main contributions, limita-
tions and future works. The contributions of this thesis to the body of knowledge of
business process and business rule modelling fall into three parts. Study 1 con-
tributes to the body of knowledge by showing that linked rules can improve the
understanding of process models in terms of understanding accuracy, understanding
time efficiency, and mental effort needed for understanding. Study 2 contributes to
the body of knowledge by identifying and evaluating factors that can affect the
decision of whether or not to integrate a rule with a business process model. Study 3
contributes to the knowledge by developing a decision framework which can help
modellers to make informed decisions as to whether or not a business rule should be
integrated with a business process model in practice.

8 1 Introduction



Chapter 2
Literature Review

2.1 Overview

This chapter first presents the fundamental concepts of business process models and
factors that affect business process model understanding. Then we introduce
business rules, which play an important role in process understanding, and we
include the definitions and classifications of business rules. Finally, we introduce
the arguments for the integration of business process models and business rules, and
three types of integration approaches.

2.2 Business Process Models

A business process is “a collection of activities that takes one or more kinds of input
and creates an output that is of value to the customer” [1]. The related activities are
structured to accomplish a specific goal that will create value for the organization.
A business process model is a graphical representation of a business process,
defining the ways in which operations are carried out to accomplish the specific
objectives of an organization. Business process modelling is a process of extracting,
organizing and representing business activities to guide the analysis, implementa-
tion and evolvement of business processes (Harmon and Wolf 2011).

Business process models play a key role in several information systems’ man-
agement activities. First, a business process model is used to design and understand
a business process. While making a process model, the modeller can view the
process from various perspectives, and design the process according to require-
ments. Stakeholders can use a process model to structure, discuss, and share an
understanding of business practice among one another. The process models enable
users to “play out” different scenarios and thus enable the designer to make
modifications and justifications according to the feedback. Process models are also
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used to describe process aware information systems as a “contract” between the
system development team and the end users, and are documented as knowledge for
training purposes. Second, model based compliance checking can ensure that the
designed business practices will be in compliance with regulations and procedures
at the stage of model design, rather than detect a non-compliance form of behaviour
from process execution logs after it happened. Third, model based performance
simulation can be used to understand the factors influencing response time, service
level and other performance indicators.

BPM Life Cycle
Business process models play an important role in the Business Process
Management (BPM) Life Cycle [24]. As illustrated in Fig. 2.1, the BPM Life Cycle
consists of five steps, viz. Model, Implement, Execute, Monitor, and Optimize. The
Model step captures the business processes at a high level. At this step, just enough
detail to understand conceptually how the process works, will be gathered to ensure
the high level detail is correct. In the Implement step, the model will be extended to
capture more detail required to execute the process, such as the content of mes-
sages, and the layout of forms. In the Execute step, instances of the process are
launched and executed, automatically, or interacted with by the end users. The
Monitor step measures the process performance by using key performance indi-
cators. Statistics are demonstrated graphically on dashboards, and textually in
reports to show the bottlenecks and inefficiencies in the process. The Optimize step
improves the process by tuning and changing it, then incorporates the changes into
the model and repeats the cycle for continuous business process improvement.

Design

Modelling

ExecuteMonitor

Op mise

Fig. 2.1. Business Process Management life cycle

10 2 Literature Review



Business Process Modelling Languages
Today, there are many conceptual business process modelling languages available. In a
process modelling language, processes are modelled graphically, with activities rep-
resented as nodes or boxes, which are connected by control flow arcs or arrows [25].
The Business Process Modelling Notation1 (BPMN1) is one example of such a
modelling language and it is now a de-facto international process modelling standard
[26]. Common constructs in BPMN include events, activities, decision gateways,
connectors and swim-lanes, with these then arranged into graphical models through the
act of process modelling. For example, Fig. 2.2 shows a pizza ordering and delivering
process model represented in BPMN. A pizza customer and a vendor are classified as
participants, represented using dedicated, respective pools. The process starts with the
pizza customer, who felt hungry and ordered a pizza. After that the customer waited for
one of two different events that could happen, as indicated by the event gateway. If the
pizza was delivered, the customer would pay and eat the pizza; while if the pizza was
not delivered within 60 min, the customer would ask for the pizza every 60 min until
the pizza was delivered. The vendor pools have three swim lanes, i.e. the clerk, the
chef, and the delivery boy. The clerk receives the order and hands it over to the chef to
cook, and calms down the customer if the pizza is not delivered in time. The chef bakes
the pizza according to the order and hands it over to the delivery boy. After the pizza is
baked, the delivery boy delivers the pizza and receives the payment.

Fig. 2.2. BPMN example [27]

1Business Process Model and Notation (BPMN) is a graphical representation for specify-ing
business processes in a business process model.
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Besides BPMN, there are other modelling languages, including UML Activity
Diagram, Event Driven Process Chain (EPC), and Petri Net.

A UMLActivity Diagram2 is used tomodel business processes and flows of control
in software systems. The main constructs of UML Activity Diagram are actions, swim
lanes, and controls. Figure 2.3 shows a single sign on process model for Google Apps
represented as a UML Activity Diagram. The three participants are presented by using
pools, and within each pool, each swim lane represents an actor such as a customer’s

Fig. 2.3. Single sign on process for Google Apps [28]

2http://www.uml-diagrams.org/activity-diagrams.html.
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browser or Google’s ACS Service. When a user attempts to use some hosted Google
application, Google generates a SAML authentication request and sends a redirect
request back to the user’s browser. Then the customer’s browser sends a SAML
authentication request to the authentication service to authenticate the user. The
authentication service returns the SAML response to the browser, and the browser
forwards the response to Google’s ACS service for verification. If the verification is
successful, the customer’s browser is redirected to the Google application the customer
intends to use,while if the verification fails, an error pagewill be shown to the customer.

An Event-driven Process Chain (EPC) [29] is a type of flowchart used for business
process modelling, which is developed within the ARIS framework. The main con-
structs of an event-driven process chain are events and functions. Events are passive
elements describing the conditions under which a function works. Functions are active
elements that modelling tasks and activities. Figure 2.4 is an order shipment process
model represented in EPC. In Fig. 2.4, functions are represented in rectangles, while
events are represented in hexagons. The process steps behind an OR-Splitter are
alternatives, aka at least one of the options has to be selected. The OR-Connector joins
the alternative chains again. In the example, after the event “articles are not available”
occurred, two reactions could be executed under discretion: production of new articles,
or the purchasing of articles from a third party supplier, or performance of both steps.
After any one of these options is executed, the order can be shipped.

Fig. 2.4. Order shipment process [30]
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Petri Net [31] is a mathematical modelling language for the description of dis-
tributed systems and is utilized for concurrent and nondeterministic process mod-
elling and mathematical process analysis. The main constructs of Petri Net are
places, transitions, tokens and arcs. Places represent possible states of the system.
Transitions are events or actions which cause the change of state. Arcs run from a
place to a transition, or vice versa. Tokens move from one place to another place.
Figure 2.5 is a complaint handling process represented in Petri Net. In Fig. 2.5,
places are represented as circles and transitions are represented as rectangles.
Tokens are presented in hollow circles inside places. In Fig. 2.5, first, an incoming
complaint is recorded. Then the client or the department affected is contacted. The
data are gathered and assessed. Depending on the assessment result, either a
compensation payment is made, or a letter is given to the customer to file the
complaint.

2.3 Business Process Understanding

A conceptual model represents entities and relationships between them in a problem
domain. Regardless of chosen notation, the fundamental purpose of conceptual
models is to improve users’ understanding of the static and dynamic phenomena in
a domain. Further purposes of the models are to help developers and users to
communicate and to serve as the basis for design [33].

Conceptual Models and Understanding
It has been well researched in prior works, that the way information is represented
can significantly affect how easily humans can understand information [34, 35].
Researchers have found that conceptual models are easier for understanding, in
contrast to texts and words. Conceptual models, which organize information into
pictures and diagrams, are better than sentential representations [34] in terms of
information comprehension and inferencing. The two key factors that distinguish
conceptual models from sentential representations in terms of cognition efficiency
in human information processing systems, are information explicitness and search
efficiency [35]. In terms of information explicitness, information represented in
diagrams is more explicit and needs less computational effort [34]. In contrast,

Fig. 2.5. Complaint handling process [32]
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informationally equivalent representation of the same content but in a sentential
form, typically requires further mental formulation to make it explicit for use, which
requires greater computational cognitive effort [34, 35]. In terms of search effi-
ciency, in a diagrammatic representation, information is organized by location.
Information elements that are relevant are grouped together, and information ele-
ments needed for inference are often present at adjacent locations, or connected
with associations. Relations between graphical elements map onto the relations of
information elements in such a way that they restrict or enforce the kinds of
interpretations that can be made [34]. This information-grouping and connecting
nature of diagrams makes problem solving proceed through a smooth traversal of
the diagram, in which little cognitive effort in terms of search computation is
required [35]. In a sentential representation, information is often organized as a list
of text items. Finding the relevant information item that matches the conditions of
inferences requires searching linearly down the list, and the several items needed
may be widely dispersed.

UML and ER are two typical structure modelling languages, focusing on the
modelling of software systems and databases respectively [36]. Factors affecting the
understanding of UML diagrams and ER diagrams have been widely studied in the
past. To name a few, Burton-Jones and Meso [37] studied the effect of the
decomposition of UML models on model understanding, and found that better
decomposition of UML diagrams following the Good Decomposition Model [38]
can increase analysts’ understanding of a domain, indicated by higher scores in
problem-solving tests and cloze tests. Burton-Jones et al. [39] studied the effect of
optional properties in UML class diagrams, following the ontological analysis of
optionality in [40] and [41]. They found that the use of optional properties could
lead to a loss of semantics about the scopes of properties. Although subclasses with
mandatory properties could lead to cognitive difficulties associated with having too
much complexity in a model, mandatory properties is a better choice than optional
properties. Another piece of research by Burton-Jones and Meso [37] studied the
combination effects of model decomposition quality and multiple forms of infor-
mation on model understanding. Class diagrams, use case diagrams, and state
machine diagrams were used in the experiment. They found that multiple forms of
information and higher quality decompositions can significantly affect individuals’
superficial and deep understanding. Individuals found a domain easier to under-
stand given multiple forms of information, but they did not feel that the domain was
easier to understand when given a higher quality decomposition. Allen and March
[42] studied the effects of state-based and event-based modelling methods on ER
diagrams. The state-based modelling method focuses on things and their descrip-
tions, viewing databases as a snapshot of realty, while the event based method
focuses on events and the affected resources and agent, viewing databases as
components of transactions [42]. The research asked participants to write SQL
quires given state-based and event-based ER diagrams respectively, and found that
an event-based E-R diagram can lead users to more accurately recognize when
queries they have formulated are correct. Bodart et al. [43] studied the effect of
optional properties in ER diagrams. The results they found are in accordance with
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the study of UML class diagrams in [39] that the use of optional properties should
be circumspect in ER diagrams, even though the use of optional properties can
enable designers to draw simpler conceptual models. Furthermore, the research
points out that if the ER diagrams are to be used to have an overview of the
application domain, ER diagrams based on optional properties can provide a sat-
isfactory representation of a domain. If ER diagrams are to be used to support
deep-level cognitive processing by their users, optional properties should be pro-
scribed. Shanks et al. [44] studied the effect of two ways (either as relationships or
entities) to represent composites in ER diagrams. Their research found that a
composite should be represented as an entity class and not modelled implicitly as an
association class. Otherwise, users’ understanding of the real-world phenomena
being represented will be undermined.

Process Model Understanding Factors
Process models are a typical type of conceptual model, and the factors affecting the
understanding of process models have been well studied. A variety of factors
affecting the understanding of process models have been identified and can be
classified into two categories: process model factors and individual factors. Process
model factors are about the metrics of the process models, such as modularization,
block structuredness, and complexity. Individual factors, or personal factors, are
about the factors of process model users, such as individual’s domain knowledge,
modelling knowledge, modelling experience, and education level.

Modularization is found to be a factor affecting the understanding of process
models. Modularization is investigated via several forms, including sub-processes,
and block structuredness. Reijers et al. [45] and Turetken et al. [46] found that
modularized processes, in particular, process models with sub-processes, are easier
to understand compared to flattened process models. La Rosa et al. [47] found that
block structuredness can affect process model understanding. A block structure is a
part of a process model enclosed by a splitting element and a joining element.
Despite the degree of modularization, the quality of modularization has been
studied as well. The quality of modularization is concerned with whether a process
model is modularized according to certain guidelines. Johannsen et al. [48] and
Zugal et al. [49] found that models that comply with decomposition guidelines such
as minimality, determinism and losslessness are easier to understand compared to
models that violate these guidelines, which is consistent with the research in [33] on
general conceptual models. Minimality means that modules do not contain
redundant or unnecessary elements. Determinism means modules are interacting in
a well-defined manner. Losslessness means modules are representing all relevant
emergent properties.

Complexity is another important factor that has been studied by many. Different
works have focused on different forms of complexity, and all these complexities
contribute to the decreased understandability of process models. The independent
variables investigated in the work on complexity include: number of arcs and nodes
[50, 51], number of gateways [45, 52, 53], number of events [52], number of loops
[54], and number of concurrencies [55], length of the longest path [53, 55], depth of
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nesting [56], and gateway heterogeneity [53, 55]. Number of concurrencies means
the number of paths that should be executed in parallel. Length of the longest path
means the longest of the paths connecting the beginning and the end of a process
model. Depth of nesting means the maximum level at which a sub-process or
process block enclosed by splitting and joining elements is nested in the outer
process. Gateway heterogeneity means the number of different types of gateways
that are used in a model.

Other factors affecting process model understanding include symbol color sys-
tems [57], syntax highlighting [45], label styles [58], label abstractness [54], and
label length [55]. Symbol color systems use different colors for different symbols.
Syntax highlighting highlights matching operator pairs, such as split-join pairs in
different colors. Research has found that process models with symbol color systems
have lower perceived understanding difficulty, and syntax-highlighting can improve
process understanding accuracy compared with single color and non-syntax-
highlighting process models. Labels are classified into verb-objective style (like
Process an Order), action-noun style (like Order Processing) and other styles (like
Status Analysis Cash Position) in [58]. The research in [58] showed that verb-object
label style was rated highest in perceived usefulness, followed by action-noun label
style, and finally the rest of the labels. Research in [54] showed that abstract label
was related to higher understanding accuracy and lower time taken for under-
standing. Mendling and Strembeck [55] found that the length of text in labels is
negatively related to understanding accuracy – i.e. the longer the texts were, the
lower the understanding accuracy achieved.

A number of individual factors affect the understanding of process models,
including domain knowledge, modelling knowledge, experience, education level,
training level, verbal and visual cognitive style, and learning style. The effect of
domain knowledge and modelling knowledge has been studied extensively [46, 54,
59–62]. Domain knowledge includes the knowledge of the domain and practice.
Modelling knowledge includes knowledge of modelling languages and modelling
methods. Although positively correlated, the results have shown that domain
knowledge and modelling knowledge had no significant effect on comprehension
accuracy. Similarly, the correlation between experience and process model under-
standing is not significant [50, 61]. Experience is measured by the number of years
the participant has been involved in process modelling [50].

On the other hand, education level [63], training level [60], individuals’ cog-
nitive style [64], and learning style [62] have been proven to play important roles in
model understanding. In a process model understanding experiment, Reijers et al.
[65] found that graduate students achieved significantly better understanding than
undergraduate students. Figl et al. [60] found that training in process modelling
basics among university students can significantly influence their understanding
accuracy and cognitive load. The cognitive style of learning was classified into
verbal style, spatial style, and objective style in [64]. Each learning style accounts
for the processing of information in different ways. The verbal style of learning
involves processing of information in words; the spatial style in object locations and
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spatial relationships, and the object style, in information about the visual appear-
ance of objects, including their shape, color, and texture. The research results in
[64] showed that users of the spatial style of learning preferred diagrams over text,
while the experiment participants with verbal styles preferred text over diagrams,
and preferred structured text over text. Participants with object style of learning had
no significant preference. The intuitive learning style individuals prefer to learn
relations and concepts in a holistic way, while those favouring a sensing learning
style prefer to learn and memorize facts bit-by-bit [62]. The research in [62] showed
that participants with a sensing learning style achieved better process model
understanding in terms of comprehension accuracy than participants with an intu-
itive learning style.

2.4 Business Rules

Along with business process models, business rules are another type of model that
focusses on the capturing of organizational practice.

Business Rule Definitions
There are several different views of what a business rule is. Ceri [66] stated that
business rules model the reactions to events which occur in practice, with tangible
side effects on the database content, so as to encapsulate the application’s reactive
behaviour in relation to such events. Hay et al. [67] defined a business rule as a
statement that defines or constrains some aspect of the business. It is intended to
assert business structure or to control or influence the behaviour of the business.
Selfridge [68] defined a business rule as a requirement on the conditions or
manipulation of data expressed in terms of the business enterprise or application
domain. Rosca [69] defined the requirements that determine or affect how a busi-
ness is run as business rules. In other words, business rules are statements about the
enterprise’s way of doing business. They reflect policies, procedures or other
constraints on ways to satisfy customers, make good use of resources, and conform
to laws or business conventions and the like [69].

Business Rule Classifications
Business rules can be classified into different categories from different aspects.
Nayak et al. [4] classified business rules into structural business behavioural
business rules. Structural business rules describe relationships and constraints
among data elements. For example, “a customer can have at most 3 credit cards” is
a structural business rule. Behavioural business rules describe the governing prin-
ciples of process execution, such as execution pathways and user privileges. For
example, “a transaction should be verified by a manager if the amount is over
10,000” is a behavioural business rule. Do Prado Leite and Leonardi [70] classified
business rules as functional rules and non-functional rules. Functional rules are the
rules regarding organization actions. For example, “the supervisors have to report to
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the director” is a function rule. Non-functional rules are relationships or standards
that must be observed by the organization. For example, “the salary of a senior
employee must be greater than the salary of a junior employee” is a non-functional
rule. Giblin et al. [71] classified business rules as enforceable rules and
non-enforceable rules. Enforceable rules can also be monitored and enforced in
systems. Enforceable rules can be enforced in systems. Non-enforceable rules are
further classified into monitorable and non-monitorable rules. Violations of moni-
torable but non-enforceable rules cannot be prevented, they can at least be detected.
For example, “the defect rate of product A should be lower than 1‰” is a
non-enforceable rule, but can be monitored in the production process. Additional
measures are needed for non-enforceable and non-monitorable rules to achieve
compliance, which are typically external to the system. For example, “a customer
need to tell whether the manufacture process of a product has already commenced
when the order is cancelled” is a non-enforceable and non-monitorable rule because
a customer normally does not have access to such kind of internal information [72].
Zur Muehlen and Indulska [5] classified business rules from the source aspect into
mandates, policies, and guidelines. Mandates are rules from laws and must be
followed and ensured. For example, “payable taxes must be payed in time” is a
mandate. Policies are company rules that should be followed. For example, “the
budget of the new project cannot exceed 10,000” is a policy. Guidelines are rules
that may or may not apply depending on circumstances. For example, “candidate
system managers should have a master degree in computer science” is a guideline in
a hiring position, as this requirement can be left alone given that a candidate has a
rich experience as a system manager. Wagner [73] classified business rules from the
structural aspect into integrity rules, derivation rules, reaction rules, production
rules, and transformation rules. An integrity rule is a constraint specifying the
quantitative relationship between two entities. For example, “a project must have
one and only one project manager” is an integrity rule. A derivation rule is a
statement containing a condition and a conclusion. For example “a platinum cus-
tomer is a customer who has a credit equal to or over 5,000 points” is a derivation
rule. “A credit equal to or over 5,000 points” is the condition, and “platinum
customer” is the conclusion. A reaction rule is a statement consists of an event, a
condition, and an action. For example, “when an invoice is received, if the invoice
amount is more than 1,000 dollars, the invoice should be forwarded to a supervisor”
is a reaction rule. “An invoice is received” is an event, “the invoice amount is more
than 1,000 dollars” is a condition, and “forwarded to a supervisor” is the corre-
sponding action. A production rule consists of a condition and a conclusion. For
example, “if there are no defects in the last batch of cars, then the batch is
approved” is a production rule. “No defects in the last batch of cars” is a condition,
and “the batch is approved” is the corresponding conclusion. A transformation rule
is a statement about the lawful change of states. For example, “an employee’s age
can increase, but cannot decrease” is a transformation rule. Increase is the lawful
change of an employee’s age.
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Business Rule Modelling Languages
There are several options for modelling business rules. SBVR (Semantics of
Business Vocabulary and Business Rules) is a rule modelling language adopted
by Object Management Group as a standard. SBVR is intended to formalize
complex compliance rules that can be interpreted and used by computer systems. It
provides an unambiguous, meaning-centric, multilingual, and semantically rich
capability for defining meanings of the language used by people in an industry,
profession, discipline, field of study, or organization. SBVR documents are
expressed in structured natural language. SBVR specifications can be transformed
into IT specifications, such as database schemas, rules and workflow models and
operation manuals.

SBVR rules are based on fact types, and fact types are based on terms. A fact
type is turned into a rule by adding a modal operator, and then quantifiers and
qualifiers. For example, in a business rule specified in SBVR that “it is permitted
that a rental is open only if an estimated rental charge is provisionally charged to a
credit card of the renter that is responsible for the rental”, “rental”, “rental charge”,
and “credit card” are terms; “rental has rental charge” is a fact type; “only if” is the
qualifier; “a” is the quantifier; and “it is permitted” is the modal operator.

The REWERSE Rule Markup Language (R2ML) is developed by the
REWERSE Working Group to interchange rules between systems and tools. R2ML
supports integrity rules, derivation rules, production rules and reaction rules. R2ML
allows structure-preserving markup and does not force users to translate their rule
expressions into different language paradigms. R2ML can be deployed to different
platform-specific rule languages such as RuleML, Drools, and OCL by means of
translators. Figure 2.6 is the representation of the following integrity rule in R2ML:
“A preferred client must have a portfolio that includes at least three products (for
example, a preferred client may have a portfolio that includes vehicle and life
insurance policies and an individual retirement account)”. As seen in Fig. 2.6, Line
1 is the r2ml:RuleBase element which declares the parent of this rule set (Line 2).
This integrity rule is represented in a DeonticIntegrityRule element (Line 4).
A Documentation (Lines 5–8) contains the rule text. The rule is an implication that
embeds a Logical Formula without free variables. Lines 13–35 introduce the
conditions (the antecedent element) of the rule. All the atoms that form the rule are
connected by r2ml:Conjunction. The rule conditions are expressed using
ReferencePropertyAtom (Lines 15–22 and 25–32). The conditions are enclosed in
an AtLeastQuantifiedFormula element (Line 23) with the attribute r2ml:
minCardinality=“3”, representing the “at least three products” in the rule.
A ReferencePropertyAtom associates a subject and an object. A consequent ele-
ment (Lines 36–43) follows the antecedent element. The conclusion is a classifi-
cation of the client object variable to an userv:PreferredClient class.
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<r2ml:RuleBase
xmlns:r2ml="http://www.rewerse.net/I1/2006/R2ML"
xmlns:dc="http://purl.org/dc/elements/1.1/"

xmlns:userv="http://www.businessrulesforum.com/2005/userv
#"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemaLocation="http://www.rewerse.net/I1/2006/R2ML

http://oxygen.informatik.tu-cottbus.de/R2ML/0.5/R2ML.xsd"
<r2ml:IntegrityRuleSet
r2ml:ruleSetID="UServIntegrityRuleSet"
r2ml:externalVocabulary="http://oxygen.informatik.tu-

cottbus.de/rewerse-i1/files/UServ_IAR.jpg"
r2ml:externalVocabularyLanguage="UML">

<r2ml:DeonticIntegrityRule r2ml:ruleID="CC_01">
<r2ml:Documentation>
<r2ml:RuleText r2ml:textFormat="plain">
<![CDATA[A preferred client must have a portfolio that 

in-cludes at least three products (for example, a pre-
ferred client may have a portfolio that includes vehicle 
and life insurance policies and an individual retirement
account).]]>
</r2ml:RuleText>
</r2ml:Documentation>
<r2ml:constraint>
<r2ml:UniversallyQuantifiedFormula>
<r2ml:ObjectVariable r2ml:name="client" 

r2ml:class="userv:Client"/>
<r2ml:Implication>
<r2ml:antecedent>
<r2ml:Conjunction> 
<r2ml:ReferencePropertyAtom

r2ml:referenceProperty="userv:hasPortfolio">
<r2ml:subject>
<r2ml:ObjectVariable r2ml:name="client" 

r2ml:class="userv:Client"/>
</r2ml:subject>
<r2ml:object>
<r2ml:ObjectVariable r2ml:name="portfolio"

r2ml:class="userv:Portfolio"/>
</r2ml:object>
</r2ml:ReferencePropertyAtom>
<r2ml:AtLeastQuantifiedFormula

r2ml:minCardinality="3">
<r2ml:ObjectVariable r2ml:name="product" 

r2ml:class="userv:Product"/>
<r2ml:ReferencePropertyAtom

r2ml:referenceProperty="userv:hasProduct">
<r2ml:subject>
<r2ml:ObjectVariable r2ml:name="portfolio" 

Fig. 2.6. R2ML illustration [74]
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2.5 Business Process Model and Business Rule Integration

Business process models and business rule models both focus on the capturing of
organizational practice. They are complementary approaches as they address distinct
aspects of organizational practices. Zur Muehlen et al. [5] conducted a representation
capacity analysis of business process and business rule modelling languages
including BPMN, EPC, Petri-Net, SBVR and SRML using the BWW framework
[75], finding that none of the languages analysed can provide a complete coverage for
all BWW constructs. The overlap analysis shows that the representation capacity of
processmodelling languages such asBPMNcan be enriched by the addition of SRML
or SBVR, which is in line with early speculations in [13] and the research finding in
[6] that in practice, there is a deficiency in BPMN for modelling business rules.

While process models can incorporate more complex business rules, in practice,
due to limited support for representation of business rules in graphical process
modelling techniques [6], organizations represent these rules in natural language (or
one of the main business rule modelling languages – e.g. [7, 8]) and often store such
representations in separate text documents, spreadsheets, or disconnected business
rule repositories. Such separation of process models and rules creates a high risk for
decision making, in that any decisions made on the basis of the graphical models
alone are made on the basis of incomplete information. In such a situation, where
there is a separation of graphical process models and business rules, it is easy to be
unaware of corresponding rules when investigating a process model, and also hard

r2ml:class="userv:Portfolio"/>
</r2ml:subject>
<r2ml:object>
<r2ml:ObjectVariable r2ml:name="product"/>
</r2ml:object>
</r2ml:ReferencePropertyAtom>
</r2ml:AtLeastQuantifiedFormula>
</r2ml:Conjunction>
</r2ml:antecedent>
<r2ml:consequent>
<r2ml:ObjectClassificationAtom

r2ml:class="userv:PreferredClient">
<r2ml:ObjectVariable r2ml:name="client"/>
</r2ml:ObjectClassificationAtom>
</r2ml:consequent>
</r2ml:Implication>
</r2ml:UniversallyQuantifiedFormula>
</r2ml:constraint>
</r2ml:DeonticIntegrityRule>
</r2ml:IntegrityRuleSet>
</r2ml:RuleBase>

Fig. 2.6. (continued)
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to locate the correct corresponding rules in a separate source. Since the pieces of
information from a process model and corresponding rules are not physically
integrated, even if the users are aware of the separate sources of information, they
need to integrate the information mentally, which imposes additional cognitive
effort on searching and locating rules, interpreting the relevance between each
specific rule and a specific activity, and structuring a holistic mental representation
of the information. This situation gives rise to a risk of users inadvertently
breaching required standards of operation or making ill-informed decisions because
they lack awareness of all rules governing a given process. Different stakeholders,
such as process designers, information systems developers, and process participants
may have inconsistent or even conflicting understandings of the same process.
Ultimately, this situation hinders the effectiveness of many important organizational
activities, such as developing a shared understanding, effective communication,
knowledge management, process improvement, and decision-making, and also
introduces risks of noncompliant process execution.

We noted that Krogstie et al. [76] were the first to motivate and discuss inte-
grated modelling of business processes and business rules. Many arguments for the
integration of business process models and business rules occurred after them. We
summarize the arguments into four categories, viz. model completeness, under-
standability and communication, improved governance, risk and compliance, and
process flexibility. In the following, we provide an overview of each argument
indicated in the literature.

Model Completeness. Business process modelling and business rule modelling
are two common aspects of the conceptual modelling of information systems [77].
“Integration between business processes and business rules is necessary for appli-
cations which not only hold numerous business knowledge or policies but also need
the intercommunication among some distributed and heterogeneous components”
[78]. A basic requirement of a model is its completeness in representing the real
world. A complete process model represents all key aspects of a business process
and thus is a high quality business process model [79], which cannot be achieved
without integrating all business rules with business process models.

Understanding and Communication. Business rules constitute an entire body of
knowledge and have not been adequately addressed in business process modelling
notations [80]. Typically, business rules are buried in the program code or in
database structures [80]. The gap between business process modelling and speci-
fication of business rules may lead to misunderstandings while reading and inter-
preting business models, and communication issues [81]. Some of these issues can
be resolved by the integration of business process models and business rules [9].
The separation of processes and rules makes communication between organizations
difficult because the process models used for communication do not represent all
information about relevant business activities. Integrated and complete information
should be provided in the business process model for inter-organizational com-
munication and collaboration. Integration of business process models and business
rules is further identified as a need for the intercommunication between distributed
and heterogeneous components [78].
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Improved Governance, Risk and Compliance. Compliance means that business
processes are in accordance with a prescribed set of norms [82]. Compliance
requirements are interpreted and transformed into rules to ensure that the operation of
the organization aligns with requirements. Organisations struggle to establish a
consistent view of their policies and operating procedures in the heavily constrained
business world [11]. The separation of process models and business rules further
complicates the development of a consistent view of policies and operating proce-
dures and thus increases the risk of non-compliant activities and the difficulty of
showing compliant process design [11]. Processes need to comply with business rules
to ensure that the processes are error-free at the modelling level [12]. Without inte-
gration of business rules and process models, it is possible for the user to act based on
the activities in the model only, not realizing that additional constraints exist.

Process Flexibility. The dynamic environment of organizations makes business
processes subject to frequent change [83]. In practice, business process models and
business rules are either kept in separated repositories, which make review and
assessment a difficult task, or mixed together, which decreases the configurability
and flexibility of processes [84]. Prior research has indicated that integration of
business process models and business rules can improve the flexibility of business
processes [85]. The lack of comprehensive representation for business rules makes
business process modelling notations problematic for modelling complex business
logics and makes it hard to meet frequently changing business requirements. Thus
the flexibility, adaptability and dynamism of business processes, which are emerging
requirements for enterprise information systems, are difficult to achieve [83].

2.6 Integration Approaches

Over the past two decades, the need to model business rules in an integrated manner
with business processes has been argued theoretically [5, 15] as well as validated
empirically [16, 17]. A variety of integration methods [11, 15, 18–23] have been
developed since researchers first suggested that business process and rule modelling
approaches should be merged [76]. To name a few, [77] defined the structure of
rules to couple business process models and rules. Knolmayer et al. [3] refined
process modelling and linked the resulting models to workflow execution through
layers of Reaction Business Rules. Kovacic and Groznik [2] developed a
meta-model to demonstrate how rules can link process, activity, events, data
objects, and software components. Milanovic et al. [21] introduced an integrated
modelling language rBPMN, which is a combination of BPMN and R2ML to
model flexible business process models. Habich et al. [15] proposed an integrated
approach to join rules and processes from a modelling and execution perspective.
Their solution includes the enhancement of business processes with SBVR anno-
tations, automatic integration of SBVR vocabulary with business process models,
and transformation of business rules to OCL constraints.
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We conducted an analysis of related literature to determine the main approaches
for integrated business process and rule modelling. Our analysis has identified three
main approaches. To summarize, three forms of integration of business process
models and rules have been developed in the literature viz. link, text embedding,
and diagrammatic embedding. These approaches are explained in the following.

Link. Link means information about the location of a related rule is provided in a
process model. A link can be clicked to automatically navigate to the corresponding
rule. The link integration method can use several modelling constructs to convey
the link information. Sapkota and van Sinderen [18], and Kluza et al. [19] used
BPMN activity, and gateway constructs respectively, to implement the link infor-
mation, as shown in Fig. 2.7(a)–(c) respectively. In [18], rules are externalized and
linked to the decision point activity of a process model. Flexibility can be achieved
by attaching or removing rules from a process model.

Text Embedding. Text integration is the representation of a business rule in
textual form in a graphical business process model. For example, BPMN has a text
annotation construct which allows users to specify business rules in such an
annotation construct, in sentential format. For example, in [11], an annotation based
mapping method is introduced to find out which BPMN constructs are used for

Fig. 2.7. Integration methods illustration
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SBVR rules and where the access points are in a BPMN diagram so as to insert
relative rules as annotations, thus providing a consolidated and consistent view of
organizational policies and operating procedures, as shown in Fig. 2.7(d).

Diagrammatic Embedding. Diagrammatic integration represents the business
rules logic in a graphical format, using process modelling constructs such as
sequence flows and gateways. For example, [23] developed several constructs to
express the activity ordering policies which do not exist in current graphical process
modelling languages. These policies are a combination of dependencies such as
start-start and end-start, and control structures such as sequence, branching and
joining. Figure 2.7(e) shows the start-start pattern of a sequence control structure.

Figure 2.8 illustrates the three different rule integration approaches on the same
process models.

(a) Link 

Ship goods Contact agency Prepare delivery 
note

R1

Ship goods

Ship goods

Ship goods

Ship goods

(b) Diagramatical embedding 

(c) Text embedding

Ship goods Contact agency Prepare delivery 
note

If by air, airlines shall be 
contacted, else if by sea, 
container port shall be 
contacted

Fig. 2.8. Integration approaches illustration
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While both linking and embedding can be used as integration approaches, there
are some important differences between the two. Link approaches are more flexible
than process-based embedding approaches [18]. In link approaches, flexibility is
achieved because the rules are executed directly by the rule engine and hence they
can be added or removed when needed; whereas in process-based approaches, any
addition or removal of activities requires changes in the existing process and hence
the underlying implementation [18, 21]. The differences between linking and
embedding (including text embedding and diagrammatic embedding) are summa-
rized in Table 2.1.

Text embedding and diagrammatical embedding are two methods of embedding,
and they different from each other in a two ways. On one hand, information rep-
resentation theory has shown that diagrams are better than sentential representations
[34] in terms of information comprehension and inferencing. Information repre-
sented in diagrams is more explicit and needs less computational mental effort [34].
In contrast, informationally equivalent representation of the same content but in a
sentential form typically requires further mental formulation to make it explicit for
use, which requires greater computational cognitive effort [34, 35]. As diagram-
matical embedding uses diagrammatical symbols to represent information, it
requires less mental effort than text embedding. On the other hand, it is well studied
in current literature that not all business rules can be diagrammatically represented
in business process models due to the limited representational capacities of current
business process modelling languages [5, 6, 8], whereas text embedding has a
broader representational capacity.

Table 2.1. Rule link and embedding comparison

Link Embedding

Rules and process models are separately
modelled. Rules are not part of a process
model, but only connected with a process
model

Rules are modelled INSIDE a process model.
Rules are regarded as a part of a process
model

Rules and a process model are managed by
different systems, i.e. they are managed by
BPMS and BPRS separately

Rules are managed together with a process
model by the same system/tool, i.e. a BPMN
editor which can edit process models as well
as the rules in annotation symbols

A linked rule can be accessed separately
without the need to access a process model

Access to an embedded rule needs access to
the process model

A linked rule can be reused without
separating it from the process model

An embedded rule first needs to be separated
from the process model, then be reused

Change to a linked business rule requires less
analysis and time than for an embedded rule’
Change to one rule will automatically update
the same rule embedded in other process
models

Change to one rule will not automatically
update the same rule embedded in other
process models
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2.7 Chapter Summary

In this chapter, we first introduced the basic concepts of business process models,
and the factors that affect business process understanding. Then we introduced the
concept of business rules as an important factor that can affect business process
understanding, and this was followed by the arguments about the benefits of the
integration of business process models and business rules. Finally, three types of
integration approaches were introduced.
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Chapter 3
Methodology

As introduced in Chap. 1, the three objectives of the thesis are to: (1) investigate
whether business rule integration can improve business process model under-
standing; (2) identify and evaluate factors that will influence the decision of whether
or not a business rule should be integrated with a business process model; (3) de-
velop a decision framework that guides modellers on whether or not to integrate a
business rule with a business process model based on the research results from the
first two objectives. Accordingly, we carried out three studies to fulfil each of these
objectives:

Study 1: An experiment empirically evaluating whether business rule integra-
tion can improve business process model understanding.

Study 2: An exploratory study identifying and evaluating factors that influence
the decision as to whether or not a business rule should be integrated with a
business process model.

Study 3: A design science based development of a decision framework that
guides modellers on whether or not to integrate a business rule with a business
process model.

In this chapter, we focus on the explanation of how these three studies are
connected to form a thesis, and how and why the research methods of each study
were chosen. As the three studies use different research methods, the detailed
methods of each study are introduced in Chaps. 5, 6, and 7 separately.

The three studies are interrelated. Study 1 answers the fundamental questions
including whether business rule integration can improve business process model
understanding, what the motivation of this research is and what the most important
benefits of business rule integration are. If business rule integration cannot improve
business process model understanding, then there would be no motivation to
continue this research. As the decision of whether to integrate business rules with
business process models is not a straight forward one, Study 2 aims to identify and
evaluate all factors that will influence the decision-making of integrating a business
rule with a business process model, apart from understanding. These factors
influence whether or not a business rule should be integrated, which integration
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approach should be adopted, and what the costs and benefits are. Study 3 designs a
decision framework that guides modellers on whether to, and how to integrate a
business rule with a business process model, based on the research results from the
prior two studies. The first two studies result in the development of a knowledge
base for the components design of the third study. The relationships between the
three studies are illustrated in Fig. 3.1.

3.1 Research Method of Study 1 – Experiment

The objective of Study 1 is to empirically evaluate if business rule integration can
improve business process model understanding. This research question is about the
causal relationship between two concepts: the representation of business rules and
process models (integration of rules with a process model), and the understand-
ability of process models. The most appropriate research method is experiment
because experiments are often used to test the causal relationship between the
independent variable(s) and the dependent variable(s). In an experiment, there are
three kinds of variables, i.e. independent variables, dependent variables, and control
variables. An independent variable is a variable that will be studied and changed in
an experiment. A dependent variable is a variable that changes correspond to the
change of an independent variable. A control is a variable that could influence
experiment result but not the focus of a study. Control variables should be kept
unchanged throughout an experiment, as any change of a control variable will

Study 1:Experiment
Rule integration and process 

model understanding

Study 2: Literature review and 
survey.

Factors influencing  rule and 
process model integration

Study 3: Design science
A decision framework

Mo vate

Knowledge Base Knowledge Base

Fig. 3.1. The relationship between the three studies
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invalidate the correlation of dependent variables to the independent variable. The
control variable strongly influences experimental results, and it is held constant
during the experiment in order to test the relative relationship of the dependent and
independent variables. Experiments can test if the independent variable(s) and the
dependent variable(s) are correlated by manipulating the independent variable(s),
while keeping the control variables the same. Other research methods are not
suitable for Study 1. Case studies focus on studying a subject in real life settings
through a period of time, and includes the complex interaction between the
researcher and the many parts of the research environment. Compared with
experimentation, in which the independent and dependent variables are determined
first, case studies are more explorative, and do not test the correlation between two
variables, but rather explore the subject in depth. Thus, case study is not suitable for
this study. A Literature review can have substantive findings as well as theoretical
and methodological contributions based on current body of knowledge. However,
literature reviews are secondary sources, and do not report new or original
knowledge. As the question of whether business rule integration can improve
business process model understanding has not been empirically evaluated in current
body of knowledge, a literature review is not suitable for the study. Survey studies
the sampling of individual units from a population by collecting information or
opinions from individuals using questionnaires. A survey is often used to collect
data that are known and familiar by an individual, such as “how many years of
experience you have in process modelling”. A survey is not suitable for questions of
which the answers are unsure for an individual. For example it is not suitable to ask
an individual “can the colour of process model affect process model understand-
ing”, as the answer of this question is unknown to an individual if he or she hasn’t
read any paper about an experiment testing this question. Using a survey to collect
data about complex questions which are unknown to participants can result in
unreliable data. A focus group is a small group of people whose reactions are
studied in guided or open discussions about a new product or something else to
determine the reactions that can be expected from a larger population. As a focus
group aims to collect data about people’s perceptions, opinions, beliefs, and atti-
tudes towards a thing or phenomenon, it is not suitable to collect object data, thus
not suitable for this study.

3.2 Research Method of Study 2 – Systematic Literature
Review and Survey

The objective of Study 2 is to identify and evaluate factors that will influence the
decision of whether or not a business rule should be integrated with a business
process model. Thus, there are two sub-objectives in Study 2. The first is to identify
the factors that can influence the decision of whether a business rule should be
integrated with a business process model; and the second is to evaluate the factors.
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For the first sub-objective, one of the most important criteria is broad coverage
of all possible factors so as to make sure we don’t miss out any important factors. If
any factor is missing from the identifying stage, it loses the possibility of being
included in the decision framework, weakening the validity and usefulness of the
decision framework. To rigorously find all possible factors, we adopt the systematic
literature review as the research method. A systematic review can provide a com-
plete, exhaustive summary of current literature relevant to our research question.
We used a keyword search in our literature database of over 43,000 full-text papers,
including core information systems and computer science conference and journal
papers to avoid missing any important factor. Other research methods such as
interviews or surveys can only be conducted with very limited number of partici-
pants, and only knowledge from the selected participants is collected, leading to
incomplete results. Large scale interviews or surveys would limit this drawback;
however the resources and time needed are not affordable for such a research study
in a PhD program.

After the factors are identified, the second sub-objective is to evaluate whether
the identified factors are valid and important. To answer this research question, we
adopt the survey research method. Particularly we design a questionnaire asking
experts to evaluate the factors and use their experience and knowledge to make
integration choices. While a survey in the form of interviews or open questions can
also be an alternative research method to collect rich data, it is difficult to quanti-
tatively aggregate and analyse the data, as interviews will have qualitative data and
heterogonous data structure for each participant. For example it is difficult to rank
the factors according to their importance from the data collected by interviewing.
As case studies also collect qualitative data, neither are they suitable for this
sub-objective. As we identify 12 factors in the factor identification study, evaluating
and comparing these factors together in an experiment is not feasible, as experi-
mentation can only handle a few independent variables. Also, not all factors are
operationalizable, thus cannot be measured.

3.3 Research Method of Study 3 – Design Science

The objective of Study 3 is to develop a decision framework that guides modellers
on whether or not to integrate a business rule with a business process model
towards achieving the benefits of integrated modelling based on the research results
from the first two objectives. As the objective is to design an artefact, the research
methodology of Study 3 is Design Science. Design Science is the research method
used to create artefacts intended to solve identified problems in practice [86]. The
artefacts of design science can be constructs, models, methods and instantiations
[87]. In this study, the artefact is the decision framework that will help business rule
modellers decide whether to model a business rule with a business process model or
not. This study is governed by the guidelines set out within the overarching Design
Science paradigm as well as the heuristic problem-solving strategies [87].
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We followed a commonly accepted design science research methodology for the
production and presentation of design science research in IS [86]. The design
science research process includes six activities, viz. problem identification and
motivation, objectives definition, design and development, demonstration, evalua-
tion, and communication. Problem identification and motivation is intended to
define the specific research problem and justify the value of a solution. Objectives
definition is needed to infer the objectives of a solution from the problem definition
and knowledge of what is possible and feasible. Design and development relates to
creating the artifact, including determining the artifact’s desired functionality and its
architecture and then creating the actual artifact. Resources required for moving
from objectives to design and development include knowledge that can be brought
to bear in a solution. Demonstration is needed in order to demonstrate the use of the
artifact to solve one or more instances of the problem using experimentation,
simulation, case study, proof, or other appropriate methods. Evaluation relates to
observations and other investigative means to evaluate how well the artifact sup-
ports a solution to the problem. Finally, communication is intended to communicate
the problem and the artifact to researchers and other relevant audiences such as
practicing professionals when appropriate. The detailed research methodology of
Study 3 is introduced in Chap. 7.

3.4 Chapter Summary

In this chapter, we presented the overall design of the research. The research
consists of three studies. Study 1 is an experiment empirically evaluating if business
rule integration can improve business process model understanding. Study 2 is an
exploratory study identifying and evaluating factors that influence the decision of
whether or not a business rule should be integrated with a business process model.
Study 3 is a design science study developing a decision framework that guides
modellers on whether or not to integrate a business rule with a business process
model.
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Chapter 4
Rule Integration and Model
Understanding: A Theoretical
Underpinning

4.1 Overview

In Chap. 2 we introduced the arguments for integration and a variety of integration
methods. However, whether such integration improves user understanding of the
process models has not been investigated. In particular, while researchers have
argued that integrated modelling can improve the understanding of business pro-
cesses, this proposition has neither been theoretically analysed, nor empirically
evaluated. Yet, such understanding is crucial for the advancement of process
modelling methods. As a lacking of a cognitive model in terms of how model users
learn process models and rules in current body of knowledge, in this chapter, we
propose a four-stage cognitive process based on a cognitive model in human
information searching and processing [88], and explore theoretical foundations that
underpin the understanding of process models.

4.2 Related Theories

As stated in [89], there are different views of theories in information systems.
Theories can be statements that say how something should be done in practice, that
provide a lens for viewing or explaining the world, or that declaring relationships
among constructs. Here we consider theory as statements that declare the rela-
tionships between constructs. We use cognitive load theory and cognitive fit theory
to provide a fundamental theory support for our analysis.

Cognitive load theory is built on the widely accepted model of human information
processing [90]. It explains the relationships between cognitive load and understanding
performance, indicating that the representation of information should minimize cog-
nitive load in problem solving tasks. Cognitive load theory explains the relationship
between external problem representation, problem-solving task, mental representation
for task solution, and problem-solving performance, indicating that the format of
information presentation should match the characteristics of the problem-solving task.
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Then we introduce two effects that has been empirically evaluated in literature, which
are derived from the two theories and are close related with our analysis of process
model understanding. One is that diagrams are easier to understand than text, the other
one is the split attention effect. Finally, we use the introduced theories and the evaluated
effects to analysis whether the integration of business process models with business
rules might improve human understanding of business processes.

Cognitive Load Theory
Cognitive load theory is built on thewidely accepted information processingmodel [90]
which was proposed by Atkinson et al. The information processing model is shown in
Fig. 4.1. Many researchers have added to the understanding of this information pro-
cessing model, but the basic model remains the same. The information processing
model has three main parts, i.e. sensory memory, working memory and long-term
memory. Sensory Information are things that the brain collects from our senses (sight,
hearing, touch, etc.) that give us information about the world around us. Sensory
memory filters out most of this information, and passes the most important items into
working memory, where it is either processed or discarded. Working memory can
generally hold between five and nine items of information at any one time. When our
brain processes information, it categorizes that information andmoves it into long-term
memory,where it is stored in knowledge structures called schemas.A schema describes
a pattern of thought or behaviour that organizes categories of information and the
relationships among them. For example,we have schemas for different concepts such as
dog, mammal, and animal. Schemas permit us to treat multiple elements as a single
element in the workingmemory. Learning requires a change in the schematic structures
of long termmemory and the difference between an expert and a novice is that a novice
hasn’t acquired the schemas of an expert.

Cognitive Load Theory was developed by Sweller [91]. Cognitive load is the
construct representing the mental effort that, when a learner performs a particular task,
imposes itself on the learner’s cognitive system [92, 93]. It includes the amount of
information that needs to be held in working memory, and the amount of activities that
are required to perform a particular task, including processing and rehearsal information
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Fig. 4.1. Information processing model
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in working memory, encoding information, and retrieving information from long-term
memory. A Heavy cognitive load can have negative effects on comprehension task
completion. It typically creates errors in the process of information comprehension.
Cognitive load theory suggests that learning happens best under conditions that are
aligned with human cognitive architecture. For the effective understanding of infor-
mation and for the acquisition of schemas, information should be designed in away that
keep cognitive load of learners at a minimum during the learning process.

Three types of cognitive load can be distinguished. Intrinsic cognitive load is
determined by an interaction between the nature of the material being learned and
the expertise of the learners. Extraneous cognitive load is the extra load beyond the
intrinsic cognitive load, resulting from mainly poorly designed external represen-
tations. Germane cognitive load is the load related to processes that contribute to the
construction and automation of schemas. While the representation of information
cannot affect intrinsic cognitive load, it can be designed to manipulate extraneous
and germane load.

Cognitive Fit Theory
Cognitive fit theory provides an explanation for performance differences among
users across different presentation formats of information, and is widely used as
theoretical support in conceptual model understanding studies, such as in [33, 94,
95]. Cognitive fit theory was developed by Vessey [96]. The theory proposes that
matching the representation of information with the representation of tasks can
improve the performance of tasks for individual users.

Figure 4.2 presents the general problem solving model that the cognitive fit
theory is based on. The problem-solving model views problem solving as an out-
come of the mental representation for task solution, which is formulated from the
interaction between external problem representation and problem solving task. The
mental representation for task solution is how the problem is represented in the
working memory. When the types of information in the external problem repre-
sentation match the characteristics of the problem-solving task, the problem solver
formulates a mental representation that emphasize the same type of information,
and the processes the problem solver uses to act on the mental representation of the
problem will match the processes the problem solver uses to complete the task. The
problem-solving process will be facilitated in terms of problem-solving effective-
ness and efficiency, as there will be no need to transform the mental representation
to accommodate the use of different processes to extract information from the
external problem representation and to solve the problem.

Diagrammatical Representation vs Sentential Representation
Researchers have argued that “static pictures and diagrams are better than sentential
representations” [34] in terms of information comprehension and inferencing. Two
key factors distinguish diagrammatical representations from sentential representa-
tions in terms of cognition efficiency in human information processing systems -
viz. information explicitness and search efficiency [35]. In terms of information
explicitness, information represented in diagrams is more explicit than sentential
representations and needs less computational effort [34]. In contrast, information-
ally equivalent representation of the same content but in a sentential form typically
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requires further mental formulation to make it explicit for use, which requires
greater computational cognitive effort than for diagrammatical representation [34,
35]. In terms of search efficiency, in a diagrammatic representation, information is
organized by location. Information elements that are relevant are grouped together,
and information elements needed for inference are often present at adjacent loca-
tions, or connected with associations. Relations between graphical elements, map
onto the relations of information elements in such a way that they restrict or enforce
the kinds of interpretations that can be made [34]. This information grouping and
connecting nature of diagrams, makes problem solving proceed through a smooth
traversal of the diagram, in which little cognitive effort in terms of search com-
putation is required [35]. In a sentential representation, information is often orga-
nized as a list of text items. Finding the relevant information item that matches the
conditions of inferences requires searching linearly down the list, and the several
items needed may be widely dispersed.

Split-Attention Effect
Information presented in an integrated manner is considered to reduce cognitive
load, while split-source information can generate a heavy cognitive load in the
process of information assimilation [97]. Accordingly, in the context of process and
rule modelling, information representation research indicates that integrating
business rules with relevant business process models can reduce cognitive load,
thus improve the understanding of business processes. The processing of separate
and mutually referring information, such as separate business rules and process
models, frequently and unnecessarily requires attention to be split and switched
between different sources, which inevitably consumes part of available working
memory capacity and decreases cognitive resources available for learning [98, 99].
Thus, if information is integrated with the external representation, less cognitive
effort is needed to assimilate information [32].
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4.3 Process Models and Rules Understanding

We explore and compare the cognitive effort differences between processes and
rules that are modelled in an integrated manner and in a separated manner. To do
so, we introduce the cognitive process that takes place when learning or analyzing
business process models and business rules. We argue that to fully understand a
business process, three components need to be studied: the process model, the
business rules, and the impact or implications the rules have on the process
activities. While the learning sequence of these components varies due to individual
learning habits and preferences, four learning activities are indispensable in such a
learning process: one needs to know the existence of rules constraining the process,
then identify the rules, study the rules, and finally combine knowledge of both the
process and the way the business rules constrain it. While these four learning
activities are required regardless of whether the business rules are modelled in a
separated manner or in an integrated manner, the way the four activities are per-
formed in the two scenarios is different.

We look to the cognitive model proposed in [88] for the study of reading
comprehension process. The cognitive model proposed in [88] includes five stages,
viz. goal formation, category selection, information extraction, integration, and
recycling. We adapt this model to the business process and business rule context.
Goal formation involves identification of the objective in the form of information
that is to be found. In the context of business process and rule modelling, this is a
rule awareness stage, which is the stage at which the user needs to become aware of
the rules constraining a business activity. Category selection involves locating an
appropriate category in which information could be relevant to the task. In our
context, the focus is on each rule element/statement instead of a section of infor-
mation, and we consider this to be a rule locating stage. Extraction of information
relates to the extraction of useful information in the identified category so that the
goal can be fulfilled. In our context, extraction alone is not sufficient and rule
comprehension is required. Integration is the act of synthesizing the information
extracted with previously obtained information. In our context, this stage relates to
the synthesis of rules with process models. Recycling refers to transiting iteratively
through the first four stages until the goal is fulfilled. In our context, it refers to the
understanding of each business activity and the rules constraining it, thus the
understanding of the overall business process with all relevant constraints. This
stage is an iteration stage, which is crucial, but outside the scope of this research.
Our process thus includes the stages of rule awareness, rule locating, rule com-
prehension, and information integration, as shown in Fig. 4.3. In the following
sub-sections, we explore each stage of the process and the effect of integrated
models versus separate representation.
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Rule Awareness
A prerequisite of a complete understanding of a business process is that a stake-
holder must be aware of the existence of rules that the business activities are
required to comply with. A lack of awareness of business rules can lead to non-
compliant process execution, and can also result in longer times and costs in
information system development. Representing business rules separately from
process models doesn’t fit the task of rule awareness. In a situation where the
modelling is done in a separated manner, i.e. with a separate document listing
business rules, there is a risk that the stakeholder’s understanding of the underlying
process model will be incomplete and problematic. Therefore, the execution of
business activities by this stakeholder could breach policies or regulations, and
generate exceptions that are not allowed by the rules. Further, such modelling might
create problems at the requirement engineering phase of systems development
projects. If there are rules that cannot be clearly identified, or if there is a lack of
awareness of the rules, then these rules will be missed at the design and imple-
mentation stages, and, thus, could result in significant resource and time cost for
remediation at later stages.

Researchers have found that the awareness of information is a basic human
cognition feature if indications of relevance are explicitly provided [101], and
diagrams, by their very nature, can explicitly connect relevant elements together
[35]. Thus, we argue that awareness of business rules can be improved by inte-
grating the rules with relevant process model diagrams through any of the already
existing integration approaches. In particular, for very large and complex process
models, we argue that integration methods such as hyperlinks of rules or collapsible
annotations can improve rule awareness without increasing the complexity of the
process model.

Informa on integra on

Rule comprehension

Rule loca ng

Rule awareness

Fig. 4.3. Cognitive process in learning process models and rules
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Rule Locating
After developing awareness of relevant rules in existence, the next step is to locate
the rules. According to cognitive fit theory, the representation of process models
and rules should support the easy locating of rules. Thus, individuals should per-
form the rule locating task more effectively when rules are linked to process model.
The cognitive effort in locating information using separated process models and
rules can be significantly different from using linked process models and rules.

In separated models, no indication is provided on where (e.g. location in a rule
repository) a relevant business rule is stored. In such a case, a comprehensive search
through all of the rules is required to find the relevant rule. Semantic interpretation
and matching of each rule to the relevant activity in the process model for the
purpose of identifying its relevance is required, which can be time-consuming and
error-prone. The time needed for the search is directly affected by the size of the
rule list, and two types of error can occur. The first type of error is missing relevant
rules in the sequential reading of rules (false negatives). The second type of error is
focusing on plausible relevant rules that are actually irrelevant (false positives),
which results in additional cognitive load and could negatively affect the under-
standing of the process.

We argue that by integrating business rules with business process models, the
cognitive effort in searching for relevant rules can be reduced. For example, the use
of links [18] to integrate business rules with the models provides the location of
relevant rules to the relevant part of the process. Representing business rules in
annotations, and associating these with relevant activities that the rule constrains,
can cognitive effort.

Rule Comprehension
Rule comprehension refers to the development of the understanding of an indi-
vidual information element. A comprehension process takes place to assimilate the
information after it is located. The argument that diagrams are better than sentential
representations in terms of cognition efficiency has been well evaluated in research
[34, 35]. Diagrammatic representations can explicitly represent information, mak-
ing information readily available, while sentential descriptions typically are implicit
and have to be mentally formulated [34], which requires greater cognitive effort.

Business rules can be represented using business process modelling languages as
well as business rule modelling languages [17], or simply with natural language.
Business process modelling languages generally have simple graphical syntax and
semantics, while business rules languages are text-based and often abstract, and
have a logical syntax that requires a degree of expertise for interpretation and
modelling [25]. Although the representational capacity of process modelling lan-
guages may be lacking [5], as graphical information are easier to understand than
sentential information [35], business rules that are integrated with business process
models using graphical constructs, are easier to comprehend.

Information Integration
An individual business rule is unintelligible without the business process context.
Implications of a business rule can only be correctly and fully interpreted when the
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context information is integrated. In other words, business activities cannot be fully
understood until they are integrated with the constraining business rules. If infor-
mation elements are not integrated physically in external representation, as is the
case with separate business rules and process models, then one has to mentally
integrate them, which imposes additional cognitive load [102].

The act of mental integration involves dividing attention between the multiple
sources of information, cross-referencing each source, mentally manipulating dia-
grammatic and text elements, and finding relations among elements associated with
the diagram and statements.

We argue that physical integration of business rules and process models can
enhance process model comprehension and learning. By graphically modelling a
rule in the relevant location on the process model, the cognitive load of dividing
attention, cross-referencing, and integrating mental information of different infor-
mation sources, is removed. Moreover, explicit relations between rules and activities
in an integrated graphical representation, map onto the relations between the features
of the process being modelled in such a way that they restrict or enforce the kinds of
interpretations that can be made, which facilitates perceptual inferences [34].

4.4 Chapter Summary

In this chapter, we contribute to business process modelling research by providing a
theoretical basis for exploring the effect of integrating business process models and
business rules on the understanding of business processes. Our study introduces a
4-stage cognition process in the context of process and rule modelling, viz. devel-
oping awareness, locating, comprehending and integrating; and it adopts cognitive
theories, including cognitive load theory, information representation theory, and
information integration theory to explore each stage. The theoretical analysis indi-
cates that the integration of business process models with business rules may
improve awareness of business rules, reduce cognitive effort and reduce errors in the
locating of business rules and the mental integration of business process models and
business rules. Further, the integration of business rules and the diagrammatic form
is more explicit for comprehension than sentential representation.
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Chapter 5
The Effect of Rule Linking on Business
Process Model Understanding

5.1 Overview

In this chapter, we develop hypotheses that rule linking can improve process model
understanding accuracy, time efficiency, and reduce mental effort. Then we present
our experiment investigating the effect of rule linking, a specific rule integration
approach which uses graphical links to connect process model symbols with rules,
on process model understanding. Our objective is two-fold. First, we test if linked
rules can improve a model user’s understanding of business process and rules.
Second, by using eye-tracking technology in the experiment, we break down the
statistics to the Process Model Area, Rule Area and Question Area and see what
kind of information (process model, or rules) contributes most to our hypotheses.
Third, we investigate the differences between other aspects of human cognitive
behaviour such as single visit time and attention switching between groups, further
exploring whether linked rules can improve process model understanding.

5.2 Hypotheses Development

The limitations of diagrammatic integration are widely known due to the
expressibility limitations of process modelling languages [11]. Similarly, the
drawbacks of rule integration through text annotations are duplication and poten-
tially inconsistent rule representations [103]. Hence, in this study, we focus on a
specific form of rule integration, namely link integration – an approach that points
the model to the relevant rule, rather than duplicating that rule in the process model
in either text or graphical form.

Link integration approaches incorporate visual links that connect the relevant rules
to a section of the model – i.e. the links are explicitly represented in the activities or
gateways that the rules constrain. This approach thus makes the connections of rules
and corresponding activities explicit, presumably reducing cognitive load required to
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mentally connect rules to the appropriate part of the process model [104]. When rules
are modelled in a separated manner, on the other hand, they have to be semantically
interpreted andmanuallymatched by themodel user to the relevant parts of themodel.
This can be an error-prone process that requires the user to interpret the business rule
against the background of the entire model to determine best fit. Accordingly, our first
aim is to investigate the effect of link integration on process understanding accuracy,
which means how well a process model is understood:

Hypothesis 1: Process models with linked rules are associated with better under-
standing accuracy compared to those with separated rules.

When rules are separated, all rules are organized as one set of rules, represented
in some textual form (either plain text or in one of the business rule modelling
languages). Lacking of connection of rules and process models, model users must
intentionally be aware of rules when reading a process model, instead of naturally
notice the rules by the hint of the link symbols when rules are integrated. Locating
the relevant rules that constrain a specific activity or gateway requires a compre-
hensive search and semantic interpretation of the set (e.g. linearly down the entire
list of rules), which takes more time to mentally connect the rules and the process
model. Finally, separated models will take more mental effort in the information
integration stage, as separated models makes it more difficult to cross-reference
information from a process model and rules.

Accordingly, our second aim is to investigate the effect of rule linking on process
understanding efficiency, focusing on how much time it takes a participant to
review the process model and related rules to demonstrate understanding accuracy.

Hypothesis 2: Process models with linked rules are associated with better under-
standing time efficiency compared to those with separated rules.

As extra cognitive activities such as search and semantic interpretation are
needed with rule linking, our third aim is to investigate the mental effort needed for
understanding:

Hypothesis 3: Process models with linked rules are associated with less mental
effort needed for understanding, than the models with separated rules.

Despite the benefits, link integration is not without limitations. First, people
using linked rules may focus on the interactions of specific rules and process
components, without a holistic understanding of the process model and rules as a
prerequisite, thus may have an inaccurate understanding of process models and
rules. Second, rule linking can cause attention switching [100], which means that
users need to split their attention among multiple sources of information and
mentally integrate them. Given separated rules as a whole list, one can choose to
learn and assimilate more rules before switching attention to a process model, thus
reducing the number of attention switches and time needed. It is therefore not clear
to what extent the additional cognitive cost in terms of attention switching,
counter-balances the improvement in understanding. Thus, a study is needed to
investigate this effect of business process and rule integration. To this end, we
propose an experimental approach to test our hypotheses.
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5.3 Approach

In this section, first we introduce our experiment model. Then, we introduce the
participants, materials, instruments and settings.

Experiment Model
We designed our experiment as a balanced single factor experiment with repeated
measurement, based on an experiment design used to investigate the effects of
process model decomposition on understanding [45]. This design is suitable to
investigate the effects of one factor and allows us to analyse variations of a factor.
The dependent variables are determined when the participants of the experiment
apply factor levels to a particular object [45]. In our experiment, the use of linked
rules is the considered factor, with factor levels “present” and “absent”.

We have three main reasons to choose the within-subject design. First, we are
using an eye-tracker in the experiment, which means only one participant can do the
experiment at a time. Considering the time constraints, we can only hire a limited
number of participants. A within-group design can increase the power of an
experiment given the same number of participants as in a between-group design
[105]. Second, the understanding quality of information largely depends on an
individual’s cognitive competence and experience. It is not feasible to accurately
test the cognitive competence of participants and then allocate them to two groups
of equal cognitive competence; nor were we allowed to collect any kind of GPA or
class performance data. Thus, making the groups balanced is a challenge in a
between-group design. Third, we want to increase the generalizability of the
experiment by increasing domains, while controlling the learning effect.

The overall design is illustrated in Fig. 5.1. As shown in Fig. 5.1, the experiment
includes two runs. Two process models, Model 1 and Model 2 with relevant rules
for each process model will be used in each run, and each participant will be tested
for all factor levels and all domains, thus (1) more data will be collected than from a
single run experiment, (2) if one group is more competent in cognitive capacity, the
group will do better in both factor levels, and (3) two domains are tested thus to
increase the generalization ability of experiment results in terms of domains. Please
note that the forms of rule representation are inversed in the two runs, as we should
use same set of process model and rules, but different forms of rule representation
between the two groups for each run. In the first run, Group 1 are given linked rules
and Group 2 are given separated rules, while in the second run, Group 1 are given
separated rules and Group 2 are given linked rules. Thus, we should expect inversed
results in the two runs. For example, following Hypothesis 1, we should expect the
answer correctness of Group 1 to be better than that of Group 2 in Model 1, but
worse than that of Group 2 worse in Model 2.
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In our experiment, the use of linked rules is the considered factor, with factor
levels “present” and “absent”. As illustrated in Fig. 5.2, when linked rules are
present, link buttons (labelled with “R”) will be shown on activities and gateways in
a process model. When a link button is clicked, the rules that are connected to the
activity/gateway via the link button will be displayed on the “Relevant Rules” area
on the right of the screen. When linked rules are absent, no link buttons will be
shown in the process model, and all rules will be displayed on the “Relevant Rules”
area on the right of the screen.

Linked Rules

Separated 
Rules

Tutorial 1

Tutorial 2

  First Run     

 Separate 
Rules

Linked Rules

Second Run

Model 1 Model 2

Group 1

Group 2

Fig. 5.1. Overall experiment approach

(a) Linked rules

(b) Separated rules

Fig. 5.2. Independent variable illustration
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Participants
Students in an Australian University participated in this experiment. Eight PhD
students participated in the pilot tests. Fifty coursework students participated in the
main experiment. Our sample size is considerable compared with other eye-tracking
research [106, 107], which have sample sizes between 20–30. We hired students
from an information systems course. As most students will serve as business
employees and hence are actual users of business rules and executors of business
process activities in the future, we consider students to be a suitable sample for the
experiment. Several studies have used students as participants to study the under-
standing of different types of conceptual models. For example, Burton-Jones et al.
[33] used novice students as participants to study the understanding of UML
models, and Allen et al. [42] used students as participants to study the under-
standing of ER diagrams. In this study, all participants were required to have basic
knowledge of typical conceptual models such as BPMN, flowcharts, UML or ER
diagrams. We used BPMN as the process modelling language in the experiment as
it is the de-facto process modelling language in practice, and many studies in
business process models such as [45] and [46] use BPMN as the process modelling
language. We only used the most basic BPMN symbols and easily understood
conversational English language in the experiment materials, which don’t need
much experience to learn. As an incentive, each student was offered a $30 super-
market voucher for participation.

Procedure
The experiment was carried out in the following order for each participant. First, we
prepared the experiment environment or each participant. Then, the participant
started to answer the pre-experiment questionnaire, went through the training
materials, and began the formal experiment. The participant was allowed to ask
questions if anything was unclear in the training materials and examples. In the
formal experiment, no questions were allowed. After the experiment, the participant
was asked to answer the post-experiment questions. There was no time limit for any
participant in the experiment.

Preparation
For each participant, first we asked the participant to sit on the chair in a relaxed
position, then we adjusted the height and position of the chair to make the height of
the eyes the same as that of the middle of the screen, and kept the distance of the
eyes to the screen within the range of 50 to 80 cm, as required by the eye-tracker.
Then we checked if the participant could see the text on the screen clearly, and
adjusted the positions of the monitor and seat accordingly. Then we proceeded to
the eye-tracker calibration and adjustments to ensure the eye-tracker can catch and
record data successfully.

Experiment Materials
We describe each part of the materials below. Thematerials include a, pre-experiment
questionnaire, a post-experiment questionnaire, a tutorial with examples, and the
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treatments. Appendix B includes the full experimental materials. A package of the
entire experiment application is available for download on Dropbox1.

Questionnaire
Keeping the participants in different groups as similar as possible (balanced) is
essential in between-group experiments. Unbalanced participants in different groups
can cause the difference of results in an experiment, thus, whether such difference is
caused by the treatment or by the difference between the participants in two groups
is unknown, leading the experiment to a failure. We randomly allocated participants
in two groups, and used two questionnaires to test if the two groups are balanced.
The time to ask a participant a question should be carefully designed, as the answer
of a question could be different before and after the experiment is carried out. For
example, after participating the experiment, the answer of a question like the
familiarity of process modelling could be increased, thus leads to bias. For the
questions of which the answers could be affected by participating the experiment,
such as the extent of familiarity of business process models and rules, the extent of
familiarity of the knowledge domains used in the experiment, we put them into a
pre-experiment questionnaire. To save a participant’s mental effort before the
experiment, objective questions which cannot be affected by the participation of the
experiment, such as a participant’s major and which year he or she is in, were put
into a post-experiment questionnaire, together with a question asking participants
which model consumed most of their mental effort in the experiment.

Tutorial
The tutorial covered all BPMN elements and business rule concepts that partici-
pants would need to know to perform the tasks, e.g. activity, sequence, activity
group, parallel gateway, exclusive gateway, and business rules. Sample process
models, rules as well as questions and answers, are given during the tutorial. The
instructions ask participants to study the process models, click the rule links, read
the rules, and answer the questions. The order of treatments in tutorial and examples
are consistent with the order in the experiment.

Treatment Design
Learning effect means that participants are performing better in the late stages than
in the early stages of an experiment, by gaining experience and knowledge about
the experiment and the experiment designer’s intention. Learning effect is a threat
for successful experiments as it could lead to biased data and diminished difference
of results between groups. To control the learning effect, two process models were
used, and only three questions were asked for each process model. The information
needed from a process model and rules to answer a question should be independent
from each other thus the information learned from a previous question has little
contribution to the current question.

1The experiment can be downloaded at: https://www.dropbox.com/s/g6jpb767m474vv2/experiment.
rar?dl=0.
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We designed process model 1 based on a space shuttle project management
process model that was used to study the relationships of process model hierarchy
[49] and process model understanding in [49, 108]. Then, we designed Model 2
following the complexity and structure of Model 1. The rules and questions of the
two process models were designed in a manner to make them as close as possible.
3 rounds of pilot tests were conducted to make sure that the two sets of models,
rules, and questions are at the same level in terms of complexity and difficulty. The
rules covered common rule violations such as time constraint, route selection, and
data logic.

Table 5.1 is a comparison of the material metrics in the two runs in detail. We
adopted the basic metrics used to compare two process models such as number of
activities, and number of arcs [45], metrics measuring the structure and complexity
of control flow such as the number of parallel gateways and exclusive gateways, the
number of branches in gateways, and the number of groups and activity groups as
introduced in [109]. As the treatment also includes rules and questions, we also list
the basic metrics for comparing the questions and rules in Table 5.1. As can be seen
in Table 5.1, most of the metrics are the same, or close, in the two runs.

Table 5.1. Treatment comparison

Metrics Model 1 Model 2

Process model Activities 16 15

Arcs 34 33

Parallel gateways 2 pairs 2 pairs

Parallel gateway branchesa 2, 3 2, 3

Exclusive gateways 3 pairs 3 pairs

Exclusive gateway branches 2, 2, 2 2, 2, 2

Cycles 2 2

Starts 1 1

Ends 1 1

Activity groups 3 (4, 4, 4) 3 (2, 2, 3)

Rules Rules count 13 12

Words/characters 303/1602 315/1595

Rule link count 9 8

Rule groupsb 1 � 6, 2 � 2, 3 � 1 1 � 5, 2 � 2, 3 � 1

Questions Words/characters 148/824 162/869

Question 1 Type Path selection Time constraint

Words/characters 43/207 52/310

Question 2 Type Time constraint Path selection

Words/characters 53/244 48/248

Question 3 Type Calculation Calculation

Words/characters 52/205 62/261
aA gateway can have several route branches. 2, 3 means the two gateways has 2 and 3 branches respectively.
bRule group means how rules are grouped in rule links, with rule linking present. 1 � 6 means 6 rule links, each
having one rule; 2 � 2 means 2 rule links, each having 2 rules; and 3 � 1 means 1 rule link, having 3 rules.
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Instruments and Settings
The experiment was carried out in a lab. The pre-experiment and post-experiment
questionnaires were implemented in Qualtrics2. The tutorial and experiment were
implemented as an Eclipse RCP application3. The texts and diagrams were proved
to be clearly visible from over 60 cm away in the pilot test. As shown in Fig. 5.3,
the screen was divided into three Areas, viz. Process Model Area, Relevant Rules
Area and Questions Area. As the recorded eye fixation positions would have
inevitable offsets/errors from the actual positions in accordance with the level of
accuracy of the eye-tracking system, we kept empty spaces between the contents of
process model, rules, and questions to handle such errors. As shown in Fig. 5.4,
some of the fixations recorded by the eye tracker in the Rules Area were out of the
designed border of the Rule Area. Thus, the borders of the Process Model Area and
Rule Area were adjusted accordingly as shown in Fig. 5.3. The complete process
model and all the rules are displayed without the need for scrolling. No zooming is
allowed in the application. All the texts and diagrams are in black and white so
color blindness will not introduce bias to the experiment. We used Tobii Pro
TX300, an eye tracker with a 23-inch screen of a resolution of 1920 � 1080 and
capturing gaze data at 300 Hz4. The experiment was set in a lab. The lab has no
window and the rooftop lights are the only light source. The materials, eye-tracker,
and lights had the same settings for all participants.

Process Model Area Rules Area

Ques on Area

Fig. 5.3. Instrument illustration

2Qualtrics is a web-based survey platform. See: www.qualtrics.com.
3Eclipse RCP is a platform for building applications. See: https://wiki.eclipse.org/Rich_Client_
Platform.
4For more specifications please see http://www.tobiipro.com/product-listing/tobii-pro-tx300.
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5.4 Result Analysis

In this section, firstly we check if the two groups are balanced by comparing several
types of variables, including identified gaze, process modelling familiarity, business
rules familiarity, BPMN familiarity, domain familiarity, major, year, answer cor-
rectness, time spent, fixation duration, and tutorial time. Secondly, we check the
validity of control variables and measurements. Thirdly, we test each of our
hypotheses, and break down the statistics to the three Areas (the Process Model
Area, the Rule Area, and the Question Area). Finally, we investigate the differences
between single visit time and attention switching in the two groups.

Data Screening
Table 5.2 shows the group comparison statistics. Identified gaze is the percentage
of eye tracking samples that are correctly identified by the eye tracker in each
recording. In this experiment, 48 of the 50 recordings had an identified gaze of over
70%, while two outliers (in Group 1) had a 40% and 46% identified gaze respec-
tively. In the experiment, two participants had to move closer to the display to see
the text clearly, which is beyond the minimum distance required by the eye-tracker
to identify gaze data. As identified gaze is the percentage of eye tracking samples
that are correctly identified by the eye tracker, it is the indication of how well the
eye-tracker captures data of a participant such as eye fixation counts. However
identified gaze will not affect other metrics that are not captured by the eye-tracker.
Thus, we discarded the two outliers in calculations of metrics that are captured by
the eye tracker, such as fixation duration and visit count, and included them in the
calculations of metrics that are not captured by the eye tracker, such as answer
correctness and mental effort choices. BPM familiarity, rules familiarity, BPMN
familiarity, Domain 1 familiarity, and Domain 2, were coded from 1–5, from most
unfamiliar to most familiar. Major was coded as 0 and 1, where Information
Technology, Computer Science, and Software Engineering were coded as 1; while

Fig. 5.4. Eye fixation illustration
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other non-CS or IS majors were coded as 0. Year means which year of a program a
participant is in. 1 means the 1st year of a Bachelor program, while 5 means the 1st
year of a Master’s program. From Table 5.2 we can see that there were no sig-
nificant differences between the two groups in most aspects.

Tests of Hypotheses
For each dependent variable, we first checked if the dependent variable could be
assumed to be normally distributed. Following [45], we considered a variable to be
normally distributed if the standardized skewness and standardized kurtosis were
within the range of [−2, 2]. If data from both groups were normally distributed, we
checked whether the data met the assumption of equal variance using dependent
Levene’s test5 at the significance level of 0.05, and then used the independent-sample

Table 5.2. Group comparison

Variable Group N Mean Std.
dev

Skewness Kurtosis Test p value

Identified gaze G1 23 0.92 0.05 −1.84 4.40 Mann-Whitney 0.812

G2 25 0.91 0.06 −1.02 0.30

BPM
familiarity

G1 25 3.80 1.63 0.04 −1.49 t test 0.611

G2 25 3.56 1.69 0.26 −1.47

Rules
familiarity

G1 25 3.52 1.42 0.19 −1.06 t test 0.768

G2 25 3.40 1.44 0.40 −1.06

BPMN
familiarity

G1 25 2.36 1.32 1.75 3.24 Mann-Whitney 0. 557

G2 25 2.16 1.11 2.07 5.52

Domain 1
familiarity

G1 25 2.48 1.33 1.91 4.94 Mann-Whitney 0. 617

G2 25 2.76 1.48 1.04 0.06

Domain 2
familiarity

G1 25 2.68 1.31 0.77 −0.69 t test 0.101

G2 25 3.36 1.55 −0.01 −1.38

Major G1 25 0.60 0.50 −0.44 −1.98 t test 0.766

G2 25 0.64 0.49 −0.62 −1.76

Year G1 25 3.88 1.67 −0.97 −0.65 t test 0.726

G2 25 3.72 1.54 −0.38 −1.16

Answer
correctness

G1 25 0.68 0.25 −0.71 −0.26 t test 0.675

G2 25 0.70 0.19 −1.20 1.90

Time G1 23 837.33 262.12 1.02 1.75 t test 0.808

G2 25 851.64 313.52 1.01 0.52

Fixation
duration

G1 23 732.67 242.51 1.14 1.98 t test 0.959

G2 25 729.96 272.40 1.11 0.89

Tutorial time G1 23 587.37 223.47 0.31 −0.81 t test 0.562

G2 25 550.56 213.60 0.56 −0.73

5Levene’s test is an inferential statistic used to assess the equality of variances for a variable
calculated for two or more groups.
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t test. If data in any group were not normally distributed, we used the Mann-Whitney
U test6 across groups. Significance level means the risk that we accept a hypothesis
while the hypothesis is actually wrong, and a p value corresponds to the significance
level. For example, a p value of 0.03 corresponds to a significance level of 0.03,
meaning that the risk of accepting a hypothesis, which is actually wrong, is 3%.
Conventionally, 0.1, 0.05, and 0.001 are used as significance levels, and larger sig-
nificance levels are used with smaller sample sizes [110]. As we have a small sample
size in our experiment, we consider a significance level below 0.01 is strongly sup-
porting a hypothesis, a significance level between 0.01 and 0.005 is supporting a
hypothesis, and a significance level between 0.05 and 0.1 is also supporting a
hypothesis, although the support is weaker, as the possibility of accepting the
hypothesis which is actually right is at least 90%. Following the suggestion of
reporting actual significance levels in [110], we report the actually significance level
of each hypothesis test. We describe the results for each hypothesis in turn.

For Hypothesis 1, the correctness of question answers was normally distributed,
and the data met the assumption of equal variance (p value of Levene’s test is 0.61
for Model 1 and 0.25 for Model 2). We therefore ran independent-sample t tests
between Group 1 and Group 2, with the correctness of answers as the dependent
variable, for the two models separately.

Table 5.3 shows the results. The p value of answer correctness between groups
in Model 1 is 0.088, indicating a significance level below 0.1 but above 0.05. Thus
Hypothesis 1 is weakly supported in Model 1. The p value of answer correctness
between groups in Model 2 is 0.042, indicating a significance level below 0.05,
which means Hypothesis 2 is supported in Model 2.

Conclusion 1: Hypothesis 1 (Process models with linked rules are associated with
better understanding accuracy compared to those with separated rules) is weakly
supported in Model 1, and supported in Model 2.

For Hypothesis 2, the time spent by group 2 in Model 2 was not normally
distributed. We ran independent-sample Mann-Whitney tests between Group 1 and
Group 2, with the time (from beginning to the end of answering the last question in
each run) as the dependent variable. The test result of Hypothesis 2 is shown in

Table 5.3. Test of Hypotheses 1 – understanding accuracy

Group N Mean Std. dev t p (1-tailed)

Correctness in Model 1 G1 25 .73 .25 1.37 0.088

G2 25 .63 .29

Correctness in Model 2 G1 25 .63 .36 −1.77 0.042

G2 25 .79 .27

6The Mann-Whitney U test is used to compare differences between two independent groups when
the dependent variable is not normally distributed.
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Table 5.4. Table 5.4 shows that the p value of time used between groups in Model
1 is 0.015, indicating a significance level between 0.01 and 0.05. Thus Hypothesis 2
is supported in Model 1. The p value of time used between groups in Model 2 is
0.009, indicating a significance level below 0.01. Thus Hypothesis 2 is strongly
supported in Model 2.

Conclusion 2: Hypothesis 2 (Process models with linked rules are associated with
better understanding time efficiency compared to those with separated rules) is
supported in Model 1, and strongly supported in Model 2.

We used both an objective measurement (fixation durations) and a subjective
measurement (a subjective question about which model takes more mental effort) to
test Hypothesis 3. For the objective measurement of Hypothesis 3, the eye-fixation
durations in the two runs were not normally distributed. We therefore ran
independent-sample Mann-Whitney tests for the two runs separately. The objective
test of Hypothesis 3 is shown in Table 5.5. From Table 5.5 we can see that the p
value of fixation duration between groups in Model 1 is 0.024, indicating a sig-
nificance level between 0.01 and 0.05. Thus Hypothesis 3 is supported in Model 1.
The p value of fixation durations between groups in Model 2 is 0.007, indicating a
significance level below 0.01. Thus Hypothesis 3 is strongly supported in Model 2.

Conclusion 3a: Hypothesis 3 (Process models with linked rules are associated with
less mental effort needed for understanding, than the models with separated rules) is
supported in Model 1, and strongly supported in Model 2, in the objective
measurement.

For the subjective measurement of Hypothesis 3, the results of the perception of
mental effort are shown in Table 5.6. In Group 1, 0 participants selected Model 1
(linked rules), while 23 participants selected Model 2 (separated rules) as the model

Table 5.4. Test of Hypothesis 2: understanding efficiency

Group N Mean Std. dev p (1-tailed)

Time used in Model 1 G1 23 368.76 110.23 0.015

G2 25 481.18 218.10

Time used in Model 2 G1 23 468.57 173.06 0.009

G2 25 370.46 116.88

Table 5.5. Test of Hypothesis 3: objective mental effort

Group N Mean Std. dev p (1-tailed)

Fixation duration in Model 1 G1 23 322.98 100.30 0.024

G2 25 411.43 188.22

Fixation duration in Model 2 G1 23 409.68 159.94 0.007

G2 25 318.53 102.31
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requiring the more mental effort. Two participants selected ‘equal’ as the answer. In
Group 2, 11 participants selected Model 1 (separated rules), while 6 participants
selected Model 2 (linked rules) as the model requiring more mental effort. Eight
participants selected ‘equal’ as the answer. From Table 5.6, we can intuitively see
that participants indicate that models with separated rules require more mental
effort, regardless of model content (Model 1 or Model 2).

To statistically compare linked and separated rules, we coded the perception
answers as follows: When a model with linked rules was selected as the model that
required more mental effort, linked rules were assigned two points. When the model
with separated rules was selected as the model that required more mental effort,
separated rules were assigned two points. When a participant selected the two
models as equal, both linked rules and separated rules were assigned one point. We
used a t test for the difference in average mental effort perception between linked
and separated rules. Table 5.7 shows that subjective mental effort between the two
rule modelling methods is 0.000, corresponding to a significance level of 0.000.
Thus, Hypothesis 3 is strongly supported in the subjective measurements.

Conclusion 3b: Hypothesis 3 (Process models with linked rules are associated with
less mental effort needed for understanding, than the models with separated rules) is
strong supported in the subjective measurement.

Single Visit Time
Besides the 3 hypotheses, we are also interested in other metrics that may result
from linked rules. Single visit time is defined as the time interval between the first
fixation on one area and the end of the last fixation within the same area where there
have been no fixations outside the Area. With linked rules, only a few rules will be
displayed in the Rules Area, while with separated rules, all rules will be displayed
in the Rules Area, which allows a participant to spend more time to read more rules
before switching his or her attention to other areas. Intuitively, we speculated that
single visit time, given separated rules, could be longer than that given for linked

Table 5.6. Subjective mental effort

Group 1 Group 2

Model 1 costs more mental effort 0 (linked rules) 11 (separated rules)

Model 2 costs more mental effort 23 (separated rules) 6 (linked rules)

Equal 2 8

Table 5.7. Coded subjective mental effort

N Coded mean Std. dev p (1-tailed)

Linked rules 50 0.44 0.70 0.000

Separated rules 50 1.56 0.70
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rules. As shown in Fig. 5.5, the group that were given linked rules have shorter
single visit times in each run. Mann-Whitney test results in Table 5.8 show that the
p value of single visit time between groups is 0.070 in Model 1, indicating a
difference. The p values of single visit time between groups is 0.003 in Model 2,
indicating a strong difference.

To further investigate the reason of such difference, we broke down the single
visit time in to the three Areas, i.e. the Process Model Area, the Rule Area, and the
Question Area. From Fig. 5.6 we can intuitively see that the difference between the
two groups in single visit time was mainly caused by the single visit time difference
in the Rules Area, while the differences between single visit time in the Model Area
and the Question Area are close. This implicates that using linked rules, a partic-
ipant can find the needed information in an area faster than using separated rules.

Fig. 5.5. Single visit time

Table 5.8. Single visit time comparison

Group N Mean Std. dev p (1-tailed)

Single visit time in Model 1 Group 1 23 3.08 1.02 0.070

Group 2 25 3.37 0.74

Single visit time in Model 2 Group 1 23 3.87 1.02 0.003

Group 2 25 3.16 0.89
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Attention Switching
With respect to linked rules, the number of attention switches between areas may be
higher than for separated rules. We investigated this question as follows. First, we
compared the sum up of the number of visits to each area of each group (a visit to
an area implies that the attention is switched from another area to this area). Then,
we compared the number of attention switches in the three areas in pairs (Fig. 5.7).

Fig. 5.6. Visit time breakdown

Fig. 5.7. Attention switching illustration
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From Fig. 5.8, we can see that the overall number of attention switches given
linked rules are slightly smaller than given separated rules. The Mann-Whitney tests
in Table 5.9 show that the two groups were not significantly different in either run.

Figure 5.9 shows the number of attention switches in the three areas in pairs. As
we can see from the figure, compared with the group that was given separated rules,
the group that was given linked rules, had more attention switches between the
Model Area and the Question Area, had fewer attention switches between the Rules
Area and the Question Area, and had more attention switches between the Model
Area and the Rules Area. Figure 5.10 illustrates the difference in attention switch
counts between linked rules and separated rules in both runs. Compared with
separated rules, given linked rules, participants spent 14% more attention switching

Fig. 5.8. Sum of visits

Table 5.9. Mann-Whitney tests of visit count

Model Group N Mean Std. dev p (1-tailed)

Visit count sum in Model 1 Group 1 23 190.43 83.94 0.296

Group 2 25 199.52 86.50

Visit count sum in Model 2 Group 1 23 180.22 92.86 0.214

Group 2 25 183.64 73.85
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between process models and rules, 18% more attention switches between process
models and questions, and 26% less attention switches between questions and rules
than for the linked rules.

As attention switching is an indication of mentally integrating information from
two separated sources [97], and more attention switches indicates a stronger mental
information integration activity, we can infer that compared with the group that was
given linked rules, the group that was given separated rules had less mental

Fig. 5.9. Attention switch breakdown

Process 
Models Rules

Ques ons

+14%

+18% -26%

Fig. 5.10. Attention switch count difference between groups
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information integration activity between the process models and rules, and had
more information integration activity between process models and questions, while
it had less information integration activity between rules and questions. We can
further infer that due to the lack of mental information integration between rules and
process models, the group that was given separated rules, had a worse under-
standing of the connection between rules and process models. The group tried to
answer the questions merely from information in the rules, without using enough
information from process models, and the connections between rules and process
models. This attention switching difference could be a possible cause of the lower
understanding quality in the group.

Due to the lack of information integration between rules and process models, the
group given separated rules had a weaker understanding of the connection between
rules and process models. Also, the group given separated rules relied too much on
information from rules to answer questions, without using enough information from
process models. These are the two causes of a lower understanding quality.

5.5 Chapter Summary

In this chapter, the study aimed to determine the effect that linked rules can have on
user understanding of a business process model. We focused on three aspects of
understanding: accuracy, time efficiency, and mental effort. Our experiment results
showed that all the three hypotheses are supported. Second, we found that while
rule links can reduce time spent per visit overall, which is mainly caused by the
reduction of time spent per visit in the Rules Area, it will not increase the overall
number of attention switches in the three areas. Instead, rule links can increase visits
to the Process Model Area while decreasing visits to the Rules Area.
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Chapter 6
Identification of Factors Affecting
Business Process and Business
Rule Integration

6.1 Overview

In this chapter, we present the identification and evaluation of factors that can affect
the decision of whether or not to integrate business process modelling and business
rule modelling. First we present the methodology for factor identification, evalua-
tion and decision analysis. Then we present the factors, followed by the empirical
evaluation. Finally, we provide six guidelines based on the data analysis from the
evaluation.

6.2 Approach

We carried out a systematic process of identification of factors that are thought to
influence the decision about whether to model business rules in an integrated or
separated manner [111]. To identify these factors, a systematic literature review was
conducted based on a comprehensive set of well-regarded Information Systems and
Computer Science journals and conferences published between 1990–2013, a
period of time after the initial proposal of the integration of the two approaches
[76]. Our data set consisted of over 43,000 full-text articles (see Table 6.1). Each
article was inspected and prepared (with OCR) for a full text search. Subsequently,
a full-text search was conducted using the search term “business rule”. We regarded
a paper as relevant if the term “business rule” occurred three or more times within
the body of the text and only selected the papers that met this criterion for the next
round of analysis. Two hundred and fifty-five papers were identified following this
step.

For each of the papers, we read the abstract, the introduction to the paper, and
each paragraph where the term “rule” occurred to determine if the paper was
relevant to our purpose. A paper was identified as relevant if a characteristic of a

© Springer Nature Switzerland AG 2019
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business rule such as change frequency, reusability or impact, for example, was
mentioned or discussed in the paper. Seventy-eight papers were identified in this
step.

The set of 78 relevant papers was then read in full and manually coded with a
dedicated coding protocol. The coding protocol was refined and agreed to by the
three researchers after an initial coding of five articles to define the initial protocol.
The final protocol contained the title of the paper, context, factor name, and
refinement.

One researcher carried out the initial coding exercise through iterative coding of
relevant sentences of each identified paper as contexts in the spreadsheet, and
selecting representative keywords as possible factor names. Then three researchers
worked together to refine the result. The refinement followed these steps: (1) Read
each context and check if the selected keywords can truly represent the corre-
sponding paragraph context, and change for better keywords when necessary.
(2) Cluster similar keywords semantically into clusters. (3) Select a representative
label for each cluster and clarify its definition. The results were refined over three
iterations until all three researchers were satisfied with the selection and definition
of each factor. Twelve factors were identified in total through this process.

Table 6.2 exemplifies how the coding and refinement were carried out in this
study. In Table 6.2, keywords Validity Checking and Checking Responsibility are
clustered together, and Governance Responsibility is selected as a representative
label for this cluster. Keywords Stability, Changes, and change are clustered
together, and Rate of Change is selected as a representative label for this cluster.

To validate the identified factors, and to evaluate their relative importance and
effects on the decision as to whether a business rule is modelled independently or
modelled in a business process model, and when they should remain separate, we
designed a survey. The target participants of the empirical evaluation were the
authors of the papers that were the sources for the factor identification. These
academics were invited to participate in an online survey hosted on Qualtrics1.

The survey begins with background introduction and demographical questions.
Then for each factor, the survey first gives a definition and description of the factor,
then asks a participant the importance of the factor using a 1–7 Likert question. If

Table 6.1. Data set of 1990–2013 publications

Type Acronym # papers # relevant
papers

Conferences ACIS, AMCIS, CAiSE, ECIS, ER, HICSS, ICIQ, ICIS,
IFIP, IRMA, IS Foundations, PACIS, BPM, WIDM,
WISE, CIKM, SIGIR, VLDB

27,326 29

Journals BPMJ, CAIS, EJIS, I&M, ISF, ISJ (Black-well), ISJ
(Sarasota), JAIS, ISR, MISQ, MISQ Executive, TKDE,
DKE, CACM, DSS, TOIS

15,695 49

1Qualtrics is a web-based survey platform. See: www.qualtrics.com.
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the answer is 1 or 2, the participant will be asked about the reason for the selection
and then the participant will go to the next factor. If the answer is within 3 to 7, then
the survey asks a participant that given two opposite values of the factor, whether a
business rule should be integrated with a process model or not. For example, for the
factor Rate of Change, the question will be “Considering the factor Rate of Change
being frequent or infrequent, where do you think a business rule should be mod-
elled respectively”. After the questions for each factor, the survey asks a participant
to rank the factors, and suggest factors that are missing in the survey. Figure 6.1 is a
screenshot of questions about the factor Rate of Change in the survey, and the full
survey is in Appendix A.

The survey was pilot-tested and revised through two rounds. In the first iteration,
three Ph.D. students were asked to complete the survey and give feedback. Then the
revised survey was pilot-tested with two Ph.D. students and a Master’s student, and
an international expert in requirements modelling. The revisions included changes
to the factor definitions and questions to improve clarity. Randomization of ques-
tions was introduced as well.

Invitations were sent to 112 authors of the 78 papers and 35 responses were
received, of which 13 were removed later due to data incompleteness. Thus, 22
usable responses were received in total, representing a response rate of 23.08%
when calculated as responses per paper. Since it is hard to achieve a high response
rate in such empirical research [112], a response rate of approximately 20% is
generally considered to be usable [113, 114].

Table 6.2. Example of coding and refinement snippet

Source title Context Keywords
(Factor name)

Refinement

From the stone age to the
cloud: a case study of
risk-focused process
improvement

“The problem of rule
checking by embedded
programs is that (1) rules
handled by programs are
limited to simple ones;
comprehension of complex
rules are left for humans.”

Checking
Responsibility

Cluster as
Governance
Responsibility

A process model for
analyzing and managing
flexibility in information
systems

“As a best practice, the
project team determined that
if the rule is likely to change
in the future (based on past
experience), the rules should
go in the rule engine or in
data tables accessible by the
business user. If the rules
rarely change, it is more
likely to stay in the process
model only.”

Change Cluster as
Rate of
Change
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6.3 Business Rule Modelling Factors

In total, we identified twelve factors in the first phase of our study. In the following,
a summary of the definition of each factor is provided, with arguments collected
from the literature review. Only the definition parts, i.e., texts in italics are used in
the survey. The argument and examples are excluded to limit possible introduction
of bias to the responses.

Accessibility. Accessibility refers to the user’s need to view and manipulate a
business rule. If a stakeholder can easily view or manipulate a rule in a format that
is suitable to his or her need, then the rule has high accessibility, otherwise, the rule

Fig. 6.1. Survey screenshot
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has low accessibility. Making business rule repositories accessible to stakeholders
whenever required, as well as in a format that is suitable to their needs, is a basic
requirement of information systems [115]. Separating the rules can make rules
easily accessible to business users, and potentially reduce the complexity and
waiting times in making changes required in response to specific external or internal
changes in requirements [116].

Agility. Agility refers to how quickly a business rule can be adapted to a change.
Rate of change deals with how frequently the rule needs to be changed, and agility
deals with how long will it take for each change to be modelled in a rule. Some
business rules are required to take effect immediately to ensure the agility of the
system [116].

Aspect of Change. Aspect of Change refers to the component of the rule that can
be changed. The components of a rule that could change are the trigger condition,
the reaction, or the values of parameters, as well as rule phrases and design ele-
ments. Depending on the component, the change might be simple or complex.
While a graphical process model may expose some simple configuration to business
users, more complex business rule changes may only be possible at a deeper level
that may need a business rule language representation.

Awareness of Impact. Awareness of Impact refers to how comprehensively the
implications of a business rule, or its revisions, are understood. Some business rules
have a direct and clear impact, while other rules may have an indirect or unclear
impact. Thus, the impact may or may not be clear to the stakeholders. Business
users may have to bring to bear their additional external knowledge to understand
the implications of a business rule [117].

Complexity. Complexity refers to the level of difficulty in defining or under-
standing a business rule. Some rules are simple and some rules can be complex in
nature. Thus, the clarity and simplicity of business rules may differ based on the
chosen representation [25]. Certain kinds of business rules cannot be clearly
expressed in a business process modelling language due to language representation
limitations, while others may be easily modelled as a standalone rule due to the
more precise representation capability [118].

Criticality. Criticality refers to the importance of the rule. Violation of critical
rules can lead to severe consequences for the organization, while a violation of
non-critical rules may be less severe. Integrating a business rule with a business
process model can ensure that the business rule is implemented enterprise-wide.

Governance Responsibility. Governance Responsibility refers to who ensures that
business activities are in accordance with business rules. Rules can be governed
automatically by programs/systems, or manually by humans [119]. If the business
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rule is to be checked automatically in the system, machine readability and execution
will be a basic requirement, while context availability and user-friendly represen-
tation will be more important if the rule is to be checked by a human.

Implementation Responsibility. Implementation Responsibility refers to who is
charged with implementing or updating the business rule. Both business users and
technical users could be responsible for the implementation of a business rule.
Business users generally have the configuration responsibility over business rules in
business rule repositories [8] and may not have process modelling expertise,
whereas technical staff or the IT department may be responsible for the imple-
mentation of business processes.

Rate of Change. Rate of Change refers to the frequency at which a business rule
requires modification. Business rules can change in response to changes in regu-
lations and policies. Frequent business rule change requires mechanisms that sup-
port easy modification and propagation. It is possible that frequently changed
business rules could be modelled in a stand-alone fashion, rather than being inte-
grated with graphical process models where they could be labor-intensive and
cumbersome to update [120].

Reusability. Reusability refers to the potential for a rule to be used in new con-
texts. An existing business rule may be adapted or modified to fit new contexts and
scenarios to reduce the resources required in developing new rules. Scattered [118]
and duplicated [103] rules make it difficult to evaluate and maintain integrity and
consistency [121]. If a reusable business rule is integrated with a business process
model, the development, testing, and maintenance efforts may be increased when
that rule changes and requires updating [103, 122].

Rule Source. Rule Source refers to the origin of the business rule. Rule sources
could be external or internal – e.g. laws and regulations or internal policies and
standards. Requirements defined by external regulatory bodies can be “critical to
the organization, while being outside the scope of their control. Particularly when
the changes pertain to compliance with regulations” [8].

Scope of Impact. Scope of Impact refers to the breadth of the impact of the rule.
The impact of a business rule can be focused on an activity, an entire process, a
department or the entire organization [8]. If an organization-wide business rule is
integrated with a large number of business process models, any update to the rule
will lead to a change in a large number of models, thus triggering re-work and risk
of inconsistency [2, 8].

The factors and papers where each factor was identified from is listed in
Table 6.3.

6.3 Business Rule Modelling Factors 65



6.4 Empirical Validation of Factors

In this section, we present the validation and empirical evaluation of these twelve
factors. The main aim of the empirical study was to derive a factor ranking from the
perceived importance by experts, and to analyse expert suggestions as to how these
factors are affecting the modelling rules in practice. In the following, first we
present a discussion on the factors’ importance rankings, and then investigate the
indications of how these factors are affecting the modelling of rules.

Demographics
The participants of our survey were academics and practitioners who authored the
papers relevant to this study. Demographics are shown in Table 6.4. The overall
process modelling experience of participants in our study is higher than in other
similar studies, e.g. [6]. However, compared with experience of process modelling,
the experience of rule modelling is slightly lower, which is an indication that fewer
participants are familiar with rule modelling.

Table 6.3. Factors and sources

Factor Relevant works

Accessibility [103, 115, 116, 123, 124]

Agility [103, 116, 119, 121, 123, 125–133]

Aspect of Change [103, 121]

Awareness of Impact [103, 117, 127]

Complexity [6, 103, 118, 122, 122, 123, 127, 134–141]

Criticality [121, 142–146]

Governance Responsibility [119, 131, 147–149]

Implementation Responsibility [134, 150]

Rate of Change [120–123, 125, 128, 131, 134, 145, 151–161]

Reusability [103, 118, 119, 121, 121, 122, 124, 143, 152, 162, 163]

Rule Source [8, 164]

Scope of Impact [134, 150]

Table 6.4. Participant demographics

Variable Values %

Responses 22 23%

Academics 20 91%

Practitioners 2 9%

Process modelling notations used 1 9%

2 32%

3 14%

4 14%

5 18%

>5 14%
(continued)
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Factor Importance
To distinguish the importance of each factor, we asked each participant to select the
five most important factors and rank the selected factors by importance. As current
top-k ranking algorithms require k to be a constant across all rankings [165], only
the top-5 factors were used in the ranking and agreement analysis. We note that
while three participants selected 6, 7, and 7 factors respectively, these factors are
already in top 50% of factors by importance (see Table 6.5).

Table 6.4. (continued)

Variable Values %

Rule modelling notations used 0 23%

1 14%

2 27%

3 23%

4 9%

5 5%

Experience in process
modelling overall

<2 years 14%

2–5 years 18%

5–10 years 18%

>10 years 50%

Experience in rule modelling
notations overall

None 14%

<2 years 9%

2–5 years 27%

5–10 years 27%

>10 years 23%

Process models created <10 18%

10–25 41%

25–50 9%

>50 32%

Table 6.5. Aggregated ranking using Borda’s method

Factor Total points Rank Std. deviation

Agility 42 1 2.05

Criticality 41 2 2.19

Rate of Change 37 3 2.00

Reusability 37 4 1.87

Accessibility 32 5 1.79

Awareness of Impact 27 6 1.73

Complexity 25 7 1.16

Governance Responsibility 21 8 1.61

Scope of Impact 17 9 1.79

Aspect of Change 9 10 1.05

Implementation Responsibility 9 11 1.39

Rule Source 2 12 0.31
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To calculate ranking consensus between the participants, the rankings provided
by each participant were aggregated into a single ranking. Consensus ranking [166]
is adopted as it can minimize the overall distances between all rankings. We
adopted the classical Borda’s method [167] to calculate the aggregated ranking,
which is commonly used in literature [166].

Following this method, a factor which was ranked i � 5 in an individual
ranking was assigned 5-i points. A factor which was not in the top-5 was assigned 0
points. The total points assigned to each factor are the sum of the factor’s points in
each individual ranking.

As shown in Table 6.5, the most important factor is agility, and criticality is a
close second. Rate of change and reusability are jointly ranked third. Accessibility,
awareness of impact, complexity, governance responsibility and scope of impact
follow in that order. The lowest ranked factors are aspect of change, implemen-
tation responsibility, and rule source.

While Borda’s method allows us to aggregate the ranking, the level of agreement
between experts’ individual rankings is an important question. If no agreement was
reached, the aggregated ranking is meaningless. We use compactness [168], to
calculate the degree of agreement, following the method in [169].

compactness ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Pm
i¼1

Pm
j¼1 ri � rj

� �2

m m� 1ð Þ

s

ð1Þ

Normalized compactness ranges from 0 to 1, where 0 means the ranking lists are
identical (i.e. participants agree with each other) while 1 means the ranking lists are
completely different. In formula (1), m is the number of factors, ri − rj is the
distance between rankings ri and rj. We adopt the commonly used Kendall’s tao
method [170] to calculate ri − rj. Kendall’s tao distance is calculated using formula
(2). x, y are elements in the set P which consists of elements in rankings ri and rj. p
is assigned ½ as the neutral approach. The detailed algorithm is described in [170].

ri � rj ¼
X

x;yf g2P ri;rjð Þ �K
pð Þ

i;j ri; rj
� � ð2Þ

Following formulae (1) and (2), the compactness of all the rankings is 0.36, and
the degree of agreement among the participants is 0.64, which is deemed acceptable
[169]. Table 6.5 also shows the standard deviation for each factor to provide an
indication of the level of agreement on a single factor.

6.5 Business Rule Embedding Guidelines

While the ranking in the first part of our analysis provides an indication as to which
factors should be considered, it does not provide any guidance as to how a rule
should be modelled. To carry out such an analysis we must first determine which
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factors have consistent responses from participants, in terms of their effect on rule
modelling. Thus, we first distinguish “affecting” factors from “non-affecting” fac-
tors. A factor is non-affecting if there is no significant difference in expert opinion
as to how that factor affects modelling. For example, in Table 6.6, for factor aspect
of change, experts were asked to indicate if the rule (to be changed or added) should
be modelled in an integrated manner or modelled separately, given the aspect of the
rule change to be simple and complex respectively.

From Table 6.6 we can see the decision distributions in the two rows are
identical. Thus, factor aspect of change is considered to be a non-affecting factor
because regardless of the change being simple or complex, experts favored inde-
pendent modelling. We use the difference in the number of votes across the two
values of a factor to distinguish affecting factors from non-affecting factors. If the
difference is within or equal to 3, which is the roundup integer of 10% of the
number of participants, both for integrated and independent modelling, then the
factor is considered to be non-affecting.

We combine the importance and effect of factors in Table 6.7, with factors in
each cell ordered by their rankings in Table 6.5. The table shows that 4 out of the 6
top 50% factors are affecting factors, and 5 out of the 6 bottom 50% factors are
non-affecting factors. Criticality and awareness of impact are non-affecting factors,
although they are important; while rule source is an affecting factor although
ranked lowest in importance.

In the following, we will analyse each affecting factor and derive modelling
guidance given the factors’ circumstances.

Table 6.6. Vote distributions for non-affecting factors (When a participant indicated that a
factor is not important (importance rated as 1 or 2), this question was not applicable (N/A).)

Factor Value Integrate Separate Other

Aspect of Change High 4 11 3

Low 4 11 3

Awareness of Impact Frequent 3 11 4

Infrequent 5 8 5

Complexity High 6 12 4

Low 5 13 4

Criticality High 7 10 2

Low 6 10 3

Governance Responsibility Internal 4 12 5

External 5 13 3

Implementation Responsibility Technical 4 9 5

Business 5 9 4

Scope of Impact Broad 5 12 4

Limited 5 9 7
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Table 6.8 lists the decisions regarding the specific value for each factor.
A modelling decision can be derived if the difference in votes is at least 3, which is
the roundup integer of 10% of the number of participants; otherwise the votes can
be interpreted as not providing a dominant view of the appropriate type of mod-
elling (noted in Table 6.8 as “Either”). For example, for factor agility, when the
need for agility is high, there are 13 more experts voting for independent modelling
than for integrated modelling, so independent modelling is the dominant view for
rule modelling. We note that there are three situations in which the experts could
not agree on a modelling decision. We have derived six modelling guidelines from
the situations that have dominant decisions:

When a business rule has relatively high agility, it should be modelled
independently.
When a business rule changes frequently, it should be modelled independently.
When a business rule changes infrequently it should be integrated with a business
process model.
When a business rule is highly reusable, it should be modelled independently.

Table 6.7. Factor importance and effect matrix

Importance Affecting Non-affecting

Top 50% Agility
Rate of Change
Reusability
Accessibility

Criticality
Awareness of Impact

Bottom 50% Rule Source Complexity
Governance Responsibility
Scope of Impact
Aspect of Change
Implementation Responsibility

Table 6.8. Dominant modelling preferences

Factor Value Integrate Separate Vote difference Dominant view

Agility High 2 15 13 Independent

Low 7 8 1 Either

Rate of Change Frequent 1 18 17 Independent

Infrequent 11 6 −5 Integrated

Reusability High 0 20 20 Independent

Low 10 7 −3 Integrated

Accessibility High 5 13 8 Independent

Low 7 8 1 Either

Rule Source Internal 5 6 1 Either

External 1 11 10 Independent
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When a business rule’s reusability is low, it should be integrated with a business
process model.
When a business rule requires relatively high accessibility, it should be modelled
independently.

To provide further insights into the rationale of the responses, in the following
we highlight relevant insights for non-affecting factors, which were collected
through an open-ended comment section in our survey. We use symbol P followed
by a number as the participant id.

Criticality. The opinions on rule criticality are conflicting. Participants argue that
“it’s obviously more important that critical business rules are modelled in safe and
reliable ways than for less critical roles” (P20) and “criticality is important for the
enforcement or monitoring of rule violations” (P11), but “that doesn’t tell us
anything about whether the rule can be embedded in the business process or not”
(P20), and “whether this is done through a BRMS or a BPMS or manually does not
matter, as long as it is effective.” (P11)

Awareness of Impact. Awareness of impact “could not always be estimated and
could not be easily represented” (P10), and “a rule may impact a process or
something else” (P11), thus it is considered as a less important factor.

Complexity. Since “BPMN is not suitable for BR modelling” (P17), both simple
and complex business rules can be easier to handle in a dedicated rule represen-
tation than being integrated with a business process model.

Governance Responsibility. The importance of governance responsibility is
challenged, as “a business rule can be modelled separately and be embedded in a
business process at the same time” (P20), and “it depends on if the process model
[is] executed by a BPMS or [if] a rulebook be used”. (P16)

Scope of Impact. Participants admit that “it might be easier to see which swim
lanes are affected by the rule change and how a separately modelled and maintained
BR scope is hard to understand from a single BR out of context” (P17). However,
they believe that the factor scope of impact “has more to do with governance and
documentation than with modelling” (P17).

Aspect of Change. “If the rule logic changes, it’s easier to handle in the dedicated
rule representation. If a single parameter changes, it’s still easier to handle in a
dedicated rule representation” (P11). So, the preference is always modelling rules
independently, regardless of whether the rule change is complex or simple.

Implementation Responsibility. Participants point out that “business and tech-
nical users have different responsibilities for the same set of rules” (P12), with the
underlying assumption that the modelling of processes and the implementation
processes are separated in practice.
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6.6 Chapter Summary

In this chapter, we presented the methodology for factor identification, evaluation
and decision analysis. Then we presented the identified factors and the evaluation of
the factors. Finally, we presented the six guidelines based on the data analysis from
the factor evaluation.
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Chapter 7
A Business Rule Modelling Decision
Framework

7.1 Overview

In this chapter, we present the development and outcome of the rule modelling
decision framework. The objective of the decision framework is to guide modellers
on whether to integrate a business rule with a business process model and how to
integrate towards achieving the benefits of integrated modelling. As this study
related to the design of an artefact, the research methodology of this study is Design
Science. Design Science is the research method used to create artefacts aimed to
solve identified problems in practice [86]. The artefacts of design science can be
constructs, models, methods, or instantiations [87]. In this study, the artefact is the
decision framework that will help business rule modellers decide whether to model
a business rule within a business process model.

Successful design science research needs to follow a commonly accepted design
science methodology rather than to justify the research paradigm on an ad hoc basis
with each new paper. Peffers et al. [86] proposed and developed a design science
research methodology for the production and presentation of design science
research in IS. The design science research process proposed in [86] includes six
activities, viz. problem identification and motivation, objectives definition, design
and development, demonstration, evaluation, and communication. Problem identi-
fication and motivation is intended to define the specific research problem and
justify the value of a solution. Objectives definition is needed to infer the objectives
of a solution from the problem definition and knowledge of what is possible and
feasible. Design and development relates to creating the artifact, including deter-
mining the artefact’s desired functionality and its architecture and then creating the
actual artifact. Resources required for moving from objectives to design and
development include knowledge that can be brought to bear in a solution.
Demonstration is needed in order to demonstrate the use of the artifact to solve one
or more instances of the problem using experimentation, simulation, case study,
proof, or other appropriate methods. Evaluation relates to observations and other
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investigative means to evaluate how well the artifact supports a solution to the
problem. Finally, communication is intended to communicate the problem and the
artifact to researchers and other relevant audiences such as practicing professionals
when appropriate.

We introduce this study following the design science methodology proposed in
[86]. First, we introduce the problem identification and definition of objectives.
Then we introduce the design of the decision framework, followed by the
demonstration. Given the time and tool development demands to evaluate the
decision framework, the evaluation was deemed outside the scope of this thesis.
Thus, we only introduce an outline of how such a study can be carried out.

7.2 Problem Identification and Definition of Objectives

Due to complex and fragmented enterprise systems and modelling landscapes,
organizations struggle to cope with change propagation, compliance management
and interoperability. Two aspects related to the above are business process models
and business rules, both of which have a role to play in the enterprise setting.
Redundancy and inconsistency between business rules and business process models
is prevalent, highlighting the need for consideration of integrated modelling of the
two. An important prerequisite of achieving integrated modelling is the ability to
decide whether a rule should be integrated with a business process model or
modelled independently, since integration with graphical business process models
[8] may not be suitable is all situations. It follows then that an important aspect of
integrated modelling is the understanding of such situations and how they influence
business rule representation. While the decision in regards to how a rule should be
modelled is not a straightforward one, little guidance exists that can help modellers
make such a decision. The wrong decision will increase the cost of system mainte-
nance, reduce business process flexibility, and jeopardize compliance. For example, if
a business rule that governs a task that exists in several business process models is
integrated with all relevant models, multiple instances of that rule need to be
updated if it changes, increasing the risk of inconsistency as well as the amount of
re-work involved. On the contrary, modelling such a business rule independently in
a rule repository, and linking it to relevant models, will make the rule easier to
manage since there is only one business rule instance. Another example is when a
business rule specifying the roles that can execute a certain activity in a process is
represented separately from the process model. In such a case it is possible that a
process executor only follows the process model and ignores the rule, which can
lead to missed or unauthorized activities and potentially a compliance breech. Thus,
the objective of this study is to develop a decision framework that guides modellers
on whether to integrate a business rule with a business process model.
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7.3 The Design and Development of the Decision
Framework

Requirement Analysis of the Decision Framework
Our decision framework is a type of a decision support system. A decision support
system consists of 3 basic components. The inputs, the outputs, and the model. The
inputs are numbers and characteristics to analyse in the model. Some inputs cannot
be directly obtained and need to be analysed using user knowledge and expertise.
The outputs are decision results generated by the decision support system based on
user inputs and the calculation of the model. The model part analyses data from the
input and generates the decision result as the output. The form of model varies
given different decision making problems.

The inputs include a process model repository, a rule repository, and the mod-
eller’s inputs of the characteristics of a rule such as the need of accessibility, agility,
change frequency, the need of reusability, etc. The modeller’s knowledge about the
rule, the relevant process models, the modelling languages and systems being used,
and other organizational settings are essential for the modeller to measure the
characteristics of a rule. For example, how many process models are constrained by
a rule will determine the need of reusability, different modelling languages will
determine if a rule can be diagrammatically embedded in a process model, and the
cost of rule integration are different using different systems and tools. Decision
makers, i.e. the modellers, are given a set of business rules, and a set of process
models which are constrained by the set of rules. Then, the modeller should study
each rule, and the process models that are constrained by this rule, to make the
decision that for each process model, should this business rule be integrated or not.
Besides the understanding of the rules and models, the modeller should also have a
comprehensive knowledge of the organizational setting, including what languages
are used for process modelling and rule modelling, what systems manage the rules
and the process models, how extensively business rules are used in the organiza-
tion, etc.

The outputs of the decision framework are the four possible solutions of how to
model a business rule, including (1) modelling the rule separately, (2) linking the
rule with related process models, (3) diagrammatically embedding the rule, or
(4) embedding the rule as texts.

The outputs are means to reach the objectives of the decision framework, which
include (1) to improve the understanding of processes and rules to support
process-aware system design, audit, process compliance management, staff training,
and knowledge management and other functions, (2) to reduce the update cost of
frequently changing rules, (3) to support quick changes of rules that require high
agility, (4) to improve the reusability of rules that apply in various processes, and
(5) to improve the accessibility of rules. The model part of the decision framework
takes the inputs, and indicates the output that can improve the understanding of
processes and rules, to save the change cost of frequently changed rules, support the
quick change of agility rules, improve the reusability of reusable rules, and improve
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the accessibility of rules which needs high accessibility. Thus, our decision
framework incorporates multiple criteria in the model component, and falls in the
category of multi-criteria decision-making (MCDM) problems [171].

MCDM involve multiple conflicting criteria in decision making. In multi-criteria
decision-making problems, there is no decision that can satisfy all criteria since one
criterion conflicts with the others. Any decision has to sacrifice at least one criterion
and the decision maker has to find the appropriate decision, which can minimize the
loss by incorporating preference information. A widely used way is to assign dif-
ferent weights to each criterion and score each decision only considering each
criterion individually. The final score of each decision is the weighted sum up of the
scores for each criterion and the appropriate decision is the one which has the highest
score. This is the so called analytic hierarchy process (AHP) method [172]. AHP
provides a rational framework for structuring a decision problem. AHP decomposes
a decision problem into several sub problems and analyses each sub problem
independently. A decision maker systematically evaluates the candidate decisions by
comparing them to each other two at a time, using the decision maker’s own
judgments about the decision’s relative meaning and importance. Other typical
methods include TOPSIS [173], influence diagram [174], SMAA, to name a few
[175].

Due to the requirements of our decision framework, current methods to solve
MCDM problems are not suitable for our decision framework. First, all MCDM
problem-solving methods are aimed to solve a single or limited decision problems.
For example, to select a chair from a set of candidates, or select a project for a
company. In our case, we are not just selecting one appropriate modelling solution
for a business rule. Instead, we use the decision framework to select an appropriate
modelling solution for every rule in the organization.

Second, although each MCDM problem-solving method uses different calcula-
tion method to calculate the final result, all MCDM problem-solving methods need
to assign weights to each criterion, and assign scores to each candidate solution
considering each criterion. In other words, these MCDM problem-solving methods
highly rely on the quantitative data inputs. However, in our framework, the score of
each candidate solution cannot be assigned without considering the characteristics
of each business rule, and the appropriate solution for a business rule could be
different given different organizational settings, such as modelling languages used
in the organization. Thus it is not possible to assign fixed scores to the candidate
solutions considering each criterion, or assign fixed weights to each criterion.
Instead of simple numbers, the nature of this decision problem relies heavily on a
modeller’s analysis of the characteristics of each specific business rules, the related
process models, the characteristics of the languages and system used in the
organization.

Third, MCDM problem-solving methods like AHP consider all criteria at the
same level and differentiate them with different weights, rather than priority, and
make the final decision in a single step, which weakens the explanation power of
the decision system. As our decision framework is different from commonly used
MCDM problem-solving methods, which are widely accepted, explainability is
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essential in our context. The framework is unlikely to be widely adopted in practice
unless the decisions suggested by the decision framework are well explained and
the modellers understand the reasoning for the suggested modelling approach.
Thus, our decision framework cannot construct all the criteria at the same level, and
calculate them all at once in a black box to generate a final result. To the contrary,
our decision framework needs to make the decision step by step, and ensure that at
each step the modeller can see why a decision path is appropriate until the modeller
reaches the final solution.

To summarize, our decision framework aims to support decision making for a set
of rules using qualitative data based on the decision maker’s analysis of the
characteristics of each specific business rules, the related process models, the
characteristics of the languages and system used in the organization, in a step by
step manner that the decision maker can see why a decision path is appropriate at
each step until a final solution is reached.

Constructing the Decision Model
As introduced in [87], an essential part of design science is the underlying
knowledge that informs the design and development of the artefact. The design of
the decision framework follows a search process, proposed by [87]. Hevner [87]
suggested to design artefacts as a search process where the design will be achieved
through searching solutions to sub-problems that constitute the main problem. Then
heuristic problem-solving strategies are used to design solutions to each
sub-problem so that the design of the final artefact will be built systematically. In
the design activity, knowledge of theory that can be brought to bear in a solution is
an essential resource required for moving from objectives to the design and
development of the artefact [86]. In the following, first we introduce the knowledge
building activities we carried out to answer the questions that underpin the model of
the decision framework and the knowledge we developed, then we explain how we
use the knowledge we to construct the decision model.

Knowledge Building
The knowledge underpinning the decision to integrate a business rule within a
business process model can span several aspects. This includes knowledge required
to answer the basic questions that may arise when undertaking such a decision. We
argue that this knowledge is largely missing from current literature. The questions
that outline the essential aspects of the decision making process, relate to whether
(and when) rule integration should be considered (Q1); what are the factors that
affect rule integration and how to reason with them (Q2–Q4) and, if rule integration
becomes necessary, which integration method is most suitable. (Q5–Q6):

Q1: Whether rule integration can improve process model understanding?
Q2: What are the factors affecting rule integration?
Q3: How important is each factor?
Q4: How does each factor affect rule integration?
Q5: What are the integration methods?
Q6: Which integration method to use, i.e. how to integrate?

7.3 The Design and Development of the Decision Framework 77



The first question is the basic motivation for rule integration. If the answer is no,
there is no motivation for rule integration thus a decision framework is not required.
The second and third questions aim to discover the core components in the decision
framework. The fourth question provides knowledge for the design of the decision
paths at each decision point. The fifth and sixth questions provide knowledge for
the integration method to choose. As knowledge to answer these questions is absent
from current body of knowledge, we have to generate the requisite knowledge in
order to solve these sub-problems.

In the following, we introduce five knowledge building activities we carried out
and the knowledge we generated and evaluated to ensure that the design of the
decision framework is adequately informed.

1. Theoretical Analysis of Rule Integration and Process Model Understanding

This knowledge building activity tries to answer the question of how rule
integration can improve understanding from a theoretical perspective and to
motivate the evaluation. As presented in Chap. 4, the decision framework can only
be meaningful when rule integration can improve process model understanding.
The purpose of theoretical analysis is to find theoretical support from cognitive load
and information representation theories that integrating (including all forms of
integrating, namely linking, text embedding, and diagrammatically embedding) a
business rule within a process model can improve human understanding. The
improvement of understanding is the core and fundamental purpose of rule inte-
gration, which is a prerequisite of other benefits we can get from rule integration,
such as better communication, and better governance, risk management and control.
The analysis provides theoretical underpinnings that motivate the empirical eval-
uation that can answer the first question, which is whether integrating business rules
with business process models can improve the understanding of business process
models.

2. Empirical Evaluation of Rule Integration and Process Model Understanding

This knowledge building activity tries to empirically evaluate whether rule
integration can improve process model understanding. We argue that the evaluation
step in design science can also target each component of the artefact since a high
quality artefact can be developed when each of its components is proven to be
reliable. Thus, theoretical analysis alone is not sufficient, the argument that rule
integration can improve process model understanding needs to be authentically
evaluated and tested. As presented in Chap. 3, experimental evaluation is the most
suitable research method to test such an argument. As introduced in Chap. 5, we
carried out an experiment, investigating the effect of process model understanding
of a specific rule integration approach, rule linking, which uses graphical links to
connect process model symbols with rules. Our experiment findings indicate that
linked rules can improve the understanding of business processes and rules, which
answered our first sub-problem which is whether rule integration can improve
process model understanding.
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3. Rule Integration Factors Identification

Given a confirmed answer of the whether question, we can start to build
knowledge of the sub-question of what, that is what are the factors that affect the
decision of integrating business rules with business process models. The factors are
the essential components in the decision framework. As introduced in Chap. 6, the
knowledge building of this question of what was accomplished through a literature
review of important Computer Science and Information Science articles in the past
20 years. The factor identification followed a keyword selection, manual filtering,
coding and analysis procedure. Then the candidate factors found in each article
were coded and refined and finally twelve factors were identified.

4. Rule integration Factors Evaluation

The factors were evaluated after they were identified. The evaluation built
knowledge of (1) how important is each factor and (2) how does each factor affect
rule integration decision. As presented in Chap. 7, the evaluation was done via an
online survey. Surveys can be used as a research tool to collect knowledge and
opinion from experts and thus is an accepted approach to empirically validate
factors [176]. The survey involved experts who were authors of the papers in which
the factors were identified through our literature review. The indication of the
importance of each factor and the modelling decisions given by experts were used
to decide which factor should be included in the decision framework, and factors
that experts could not agree on were discarded. The knowledge collected to answer
the question of how does each factor affect the decision of rule integration is used to
answer the question of “when” to use rule integration.

5. Business Rule Modelling Approaches Classification

The business rule modelling approach classification provides knowledge to
answer the question of “which” rule integration method to use to integrate business
rules. A prerequisite of answering the question of “which” rule integration method
to use is to find out what are the possible options that a process modeller can choose
from. Chapter 2 introduces an analysis of rule integration approaches, and classifies
them into three categories, viz. linking, text embedding, and diagrammatical
embedding. The three categories of rule integration approaches are the options for
the question of “which”. Combined with the knowledge of the how each factor
affects the decision of rule integration, we cannot only focus the question of when to
use rule integration but also answer the question of when to use which integration
method.

Constructing the Decision Framework Using Knowledge
As introduced in the knowledge building section of this chapter, we built three
pieces of knowledge for this decision framework: First, we found through our
empirical study that rule integration can indeed improve the understanding of
business process models. Second, we identified factors that influence the decision of
rule integration, and how these factors affect such a decision. Third, we identified
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three rule integration methods. We construct the decision model of our decision
framework using the knowledge in the following.

Integrating the Knowledge of Integration and Process Model Understanding
The fundamental benefit of rule integration is to help modellers, system designers,
process participants and other stakeholders to understand a business process model
better, thus to achieve better communication, better system design, better compli-
ance management and so on. Our decision framework makes the decision step by
step, to ensure that with each step the modeller can understand why a decision path
is suggested, until the modeller reaches the final solution. Thus, the improvement of
business process model understanding becomes one of the criteria in the first
decision point.

The first issue a modeller should consider is whether there is a significant need to
improve process model understanding. The modeller should have the knowledge of
whether current and future process model users understand the process model well
in terms of the constraints or requirements that are specified in the rule. Do vari-
ations of work happen in the execution of the process model due to the process
participant’s incorrect understanding of the constraints and requirements that are
specified in rules? Is it difficult for new process model users of a different back-
ground to easily and fully understand the constraints specified in the rule? If the
answer is yes, then there is a need to integrate the rule in the process model.
However, achieving better understanding will incur integration costs. Time and
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human resources are required to integrate a rule with a process model in an
appropriate way. Thus, whether the benefits of integration of a rule can outweigh
the cost is the first question that needs to be considered in the process of decision
making. If the resources needed to implement the integration exceed the benefits,
then the appropriate decision should be leave the rule separate as it is. Otherwise, if
the integration of a rule can largely improve the understanding of a process model
and avoid the misunderstanding in the design of information systems or in the
execution of the process model, and thus improvement can overcome the cost of
integration, then the appropriate decision should be to integrate the rule. The first
decision point of the decision framework is illustrated in Fig. 7.1.

Integrating the Knowledge of Rule Integration Methods
If the decision from the earlier decision point is to integrate, then the next step is to
decide which of the three integration methods are appropriate.

We design the decision logic of the second decision step based on the differences
of the three integration methods, and knowledge of the factors we identified and
evaluated, which are introduced in Chap. 6. In the following, we first restate the
differences of the link method with the embedding methods. Then, we restate the
differences of the two embedding methods, i.e. text embedding and diagrammatic
embedding.

As introduced in Sect. 2.6, there are three business rule integration methods.
One method is link, and the other two methods are text embedding and diagram-
matical embedding. The link method is differentiated from embedding methods in
several ways.

Using the link method, business rules are not part of a process model, but only
connected with a process model. The process model and the rules are managed by
different systems. Thus, a linked rule can be accessed separately without the need to
access a process model, and can be reused without the need to detach it from the
process model and to replicate it. Linked rules are more flexible than embedded
rules in two ways. First, linked rules are executed directly by the rule engine and
hence they can be added or removed when needed. Second, when the rule is
changed, all links that refer to same rule from different process models will be
automatically up to date - changing a linked rule requires less time.

Using text embedding, a business rule is represented in the form of text in a
graphical business process model. For example, BPMN has a text annotation
construct that allows users to specify business rules into such an annotation con-
struct in sentential format. Using diagrammatic embedding, a business rule is
represented in the form of graphical symbols, such as sequence flows, gateways and
other symbols in a business process model. The two embedding methods model
business rules inside a process model, and the business rules are regarded as a part
of a process model. Business rules are managed together with a process model by
the same system. For example, a BPMN editor can be used to edit the process
models as well as the rules represented in text annotations or diagrammatical
symbols. Thus, accessing an embedded rule needs to access to the process model,
and an embedded rule first needs to be replicated thus to be reused in other process
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models. Using embedding methods, any addition or removal of activities requires
changes in the existing process and hence the underlying implementation, and a
change to a rule will not automatically update the same rule embedded in other
processes. Thus more time and effort are needed to update the rules and manage
their consistency.

On the other hand, embedding methods can outweigh the link method by reducing
the cognitive cost of information interpretation and comprehension. Information
presented in an integrated manner is considered to reduce cognitive load, while
split-source information can generate a heavy cognitive load in the process of
information assimilation [97]. Accordingly, in the context of process and rule mod-
elling, embedding business rules into relevant business process models can reduce
cognitive load and improve the understanding of business processes. Although the
link method can help users to navigate to the content of the linked rules, the process
model and the rules are still in different sources. The processing of such linked, but
mutually referring information, frequently and unnecessarily requires attention to be
split and switched between different sources which inevitably consumes part of
available working memory capacity and decreases cognitive resources available for
learning [98, 99]. Thus, embeddingmethods can outweigh the linkmethod in terms of
better cognitive efficiency.

Integrating the Knowledge of Factors Affecting the Decision
We design the decision logic of the second decision step based on the differences of
the three integration methods, and knowledge of the factors we identified and
evaluated. In the following, we will introduce how we select the factors as criteria
for the second decision point to decide the appropriate integration method.

As introduced in Chap. 1, we identified twelve factors that can affect the rule
integration decision, and we evaluated the factors via a survey with experts. The
evaluation of the factors is based on two dimensions. The first dimension is the
importance of each factor, and the second dimension is if a factor has a clear effect
on the decision to integration a rule. To properly incorporate the factors into the
decision framework, we need to discard the factors which are not important and the
factors which are not affecting the decision, and only consider the factors that are
both important and affecting the rule integration decision. Four of the twelve factors
meet these criteria, which are agility, rate of change, reusability, and accessibility.
Agility refers to how quickly a business rule needs to be adapted due to a change.
Rate of Change refers to the frequency with which a business rule requires modi-
fication. Reusability refers to the need for a rule to be used in other process models
to reduce the resources required in developing new rules. Accessibility refers to the
business user’s need to view a business rule in a format that is suitable to his or her
need. We asked experts for the their opinion on how a rule should be modelled
given different situations of each factor, and the dominant views are shown in
Table 6.8. To summarize, when the need of agility, the rate of change, the need of
accessibility, and the need of reuse of a business rule is high, the indication from
experts is to model the business rule in an independent manner, rather than embed
the business rule inside a business process model. The decision aligns well with the
differences between the link method and the two embedding methods.
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The two embedding methods model business rules inside a process model, and
the business rules are regarded as a part of a process model. Business rules are
managed together with a process model by the same system.

In terms of the need of agility and rate of change, any modification, including
addition and removal of embedded business rules requires changes in the existing
process, which take more time and thus affect agility. Agility is about how much
time each change takes, and rate of change is about how often a rule needs to be
changed. A frequently changing embedded rule will cost more time and effort to
manage than a relatively stable embedded rule. On the other hand, linked rules are
more flexible than embedded rules as linked rules are executed directly by the rule
engine and hence they can be added or removed when needed.

In terms of the need of reuse, an embedded rule is part of a process model. It first
needs to be separated from the process model thus to be reused in other process
models. Every process model that is constrained by the rule owns a copy of the rule.
If the rule requires an update, then every copy of the rule needs to be updated. On
the other hand, all process models that are constrained by the rule refer to the same
copy of the rule. Thus when the rule is changed, all references of the rule are
updated automatically.

In terms of the need of accessibility, when requiring access to an embedded rule
one needs to access the process model and locate, read or update the rule. On the
other hand, a linked rule can be accessed in the rule management system separately
without the need to access a process model.
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As the embedding methods can have better cognitive efficiency than the link
method, but the link method can solve the problems in terms of agility, high rate of
change, reusability, and accessibility, for the second decision point, the overall
decision logic is: For a given business rule, if the need for any of the high agility,
frequent change, high accessibility, or high reusability is essential, the appropriate
rule integration method is link. Otherwise, the appropriate rule integration method
is embedding. For example, let us consider a business rule that only constrains a
single process model, doesn’t need high accessibility or agility, and does not need
change in the future. In this case, the appropriate decision is to embed the rule. If we
change one condition, that the rule requires frequent changes, and keep the other
three conditions the same, then, in this case, the decision is to link the rule to save
time and resources needed to make frequent changes. If we further change another
condition - that the rule constrains activities in several process models - and keep
the other two conditions the same, then, in this case, the decision is still to link the
rule. Since if we embed the business rule in every process model, then when the
rule requires change, every copy of the rule needs to be changed. The second
decision point of the decision framework is illustrated in Fig. 7.2.

Integrating the Knowledge of Diagrammatic Representation
The third step is to make a decision with respect to text embedding and diagram-
matic embedding. We design this decision based on the differences between dia-
grammatic representation and sentential representation that we introduced in
Chap. 4, because not all business rules can be diagrammatically represented in
business process models [5, 6, 8].

As introduced in Chap. 4, prior research has shown that static pictures and
diagrams are better than sentential representations [34] in terms of information
comprehension and inferencing. Two key factors distinguish diagrammatic repre-
sentations from sentential representations in terms of cognition efficiency in human
information processing systems - viz. information explicitness and search efficiency
[35]. In terms of information explicitness, information represented in diagrams is
more explicit and needs less computational effort [34]. In contrast, informationally
equivalent representation of the same content but in a sentential form typically
requires further mental formulation to make it explicit for use, which requires
greater computational cognitive effort [34, 35]. In terms of search efficiency, in a
diagrammatic representation information is organized by location. Information
elements that are relevant are grouped together, and information elements needed
for inference are often present at adjacent locations, or connected with associations.
Relations between graphical elements map onto the relations of information ele-
ments in such a way that they restrict or enforce the kinds of interpretations that can
be made [34]. This information grouping and connecting nature of diagrams makes
problem solving proceed through a smooth traversal of the diagram, in which little
cognitive effort in terms of search computation is required [35].

Based on information representation theory, the appropriate decision is to model
business rules diagrammatically in business process models, which is an ideal
solution. However, it is well studied in current literature that not all business rules
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can be diagrammatically represented in business process models due to the repre-
sentational capacities of current business process modelling languages [5, 6, 8].
Thus, the decision for the third step is: if a business rule can be diagrammatically
represented in a process model, the decision of rule integration is to use dia-
grammatical embedding. Otherwise, the decision of rule integration is to use text
embedding. In practice, whether a business rule can be diagrammatically repre-
sented depends on the content of the rule, and the process modelling language that
is used in the organization. The third decision point of the decision framework is
illustrated in Fig. 7.3.

The Decision Framework
The final decision framework is illustrated in Fig. 7.4. We choose to represent the
decision framework as a flow chart, as it provides a visual and succinct way of
expressing our step-by-step decision making model.

As illustrated in Fig. 7.4, the decision framework consists of three parts, i.e. the
input, the model, and the output.

The input component of the framework refers to the set of business rules that
need to be considered, and the business process models that are constrained by the
business rules. It also encompasses the organizational setting, such as the process
and rule management systems, tools, and modelling languages used in the orga-
nization. These inputs need to be considered by the decision maker, i.e. the mod-
eller, before applying the decision model.

The model component of the framework consists of three decision points. Given
a set of business rules, decision point 1 makes a decision between separation and
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integration. The decision logic of decision point 1 is: Whether the benefits of
integration of a rule can outweigh the cost. If the resources needed to implement the
integration exceed the benefits, then the decision should be leave the rule separate
as it is. Otherwise, if the integration of a rule can improve the understanding of a
process model and avoid the misunderstanding in the execution of the process
model, i.e. improvement outweighs the cost of integration, then the decision should
be to integrate the rule.

Decision point 2 makes a decision between link and embedding. The decision
logic of decision point 2 is: For a given business rule, if the need for any of the high
agility, frequent change, high accessibility, or high reusability is essential, the
appropriate rule integration method is link. Otherwise, the appropriate rule inte-
gration method is embedding.
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Decision point 3 makes a decision between text embedding and diagrammatical
embedding. The decision logic for decision point 3 is: If a business rule can be
diagrammatically represented in a process model, the appropriate decision of rule
integration is to use diagrammatical embedding. Otherwise, the appropriate deci-
sion of rule integration is to use text embedding.

The output part consist of four candidate decisions, i.e. separation, link, text
embedding, and diagrammatical embedding. Separation is selected as the decision if
a business rule is already well understood and enhanced in business process exe-
cutions, or the cost of the rule integration outweighs the benefits from improved
understanding. Link is selected as the decision when the decision in the previous
decision point is integration, and the rule changes frequently, requires high agility,
reusability or accessibility. Text embedding is selected as the decision when the
decision in the previous decision point is embedding, but the rule cannot be rep-
resented diagrammatically due to the content of the rule and the representation
limitations of the modelling language used in the organization. Diagrammatical
embedding is selected as the decision when the decision in the previous decision
point is embedding, and the rule can be properly represented in a diagrammatical
manner using the modelling language that is used in the organization.

7.4 The Decision Framework Demonstration

The Demonstration step in the design science methodology proposed by [86] is
used to demonstrate the use of the artefact to solve one or more instances of the
problem using experimentation, simulation, case study, or other appropriate activity
[86]. We demonstrate how the decision framework can be used by adopting the
simulated car repair process model that we used in our experiment as introduced in
Chap. 5. The process model shown in Fig. 7.5 represents a car repair process of a
car service company.

Get External Mechanics

Collect Parts Price Informa on

Inves gate Jobs

Start

Find 
Problems

Contact 
External 

Mechanics

Get Quotes 
and Time

Contact 
Parts 

Sellers

Iden fy 
Internal Works

Arrange 
Time with 
Mechanic

Order Parts

Fix Car

End

Send Op ons 
to Customer

Out of 
Stock?

Y

Calculate 
Labour Costs

Es mate 
Working Time

Work Out 
Op ons

N

Need 
External 

Mechanics
?

Get Parts 
Prices from 

Stock
N

Receive Selected 
Op on From 

Customer

Y

Contact 
External 

Mechanics 
Again?

N

Y

Test Car

Fig. 7.5. Car repair process model before rule integration

7.4 The Decision Framework Demonstration 87



We use 4 business rules that constrain this process to demonstrate how the
decision framework is used in practice. The 4 business rules are:

Rule 1: If there is any problem that can only be fixed by external mechanics in
activity ‘Find Problems’, then activity group ‘Get External Mechanics’ must be
executed.
Rule 2: If a customer has spent over 2,000 in the past 12 months, then the
customer can have a 10% discount on the internal labour cost, a 5% discount on
the external labour cost, and a 2% discount on the parts.
Rule 3: Only the works that will be done by internal mechanics need to be
identified in activity ‘Identify Internal Works’.
Rule 4: Both prices for a brand-new part and a second-hand part must be col-
lected in activity group ‘Collect Parts Price Information’.

Before investigating each rule, the manager, who is the decision maker, inves-
tigates the modelling tools used in this car repair company. The process modelling
language used in the company is BPMN which supports text annotations. The rules
are simply modelled using natural language. The company uses a process aware
information system that can guide the staff to perform each activity in the process
model following the control flow. The business rules are managed by a tool that
supports navigating to each rule via URLs. Thus, the manager finds that the cost of
rule integration is small given the systems and tools used in the company. Then for
each of the 4 rules, the manager decides how to integrate it following the decision
framework.

Rule 1 is about contacting external mechanics to do repair jobs that cannot be
handled by internal mechanics. The manager has found that this rule has been
understood and followed well in the past and no operation that is against this rule
happened in the past, and new users can easily understand and remember this rule
after adequate training. Thus, following our decision framework, in the first deci-
sion point, the manager decides to leave the rule in a separate format as it was.

Rule 2 is about the discount policy, which specifies the allowed discounts for
different part of the total quote. The manager has found that the discount policy is
not well executed in the past, which led to several complaints from customers.
Thus, following our decision framework, in the first decision point, the manager
decides to integrate this business rule. The discount policy has two important
objectives. First is to offer an attractive quote to the customer’s comparing with the
company’s competitors. Second is to boost the sales before the finial year audition,
the New Year and other important dates. Thus, the discount percentages are
changing frequently against the discount policies of the company’s competitors, and
changing in different times of a year. Following our decision framework, in the
second decision point, the manager decides to model this rule using the link
method.

Rule 3 is about identifying labour work and thus to calculate the quote. The
manager has found that the breakdown of costs given to customers sometimes
includes external labour cost in the internal labour costs section, leading to a poor
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service quality. Thus, following our decision framework, in the first decision point,
the manager decides to integrate this business rule. The manager finds that this rule
is used only in this process model, and the rule hasn’t been changed for the last
year. The manager believes that this rule will remains stable and don’t need any
agile change in the future. Thus, following our decision framework, in the second
decision point, the manager decides to integrate this rule using embedding. After
checking the representation capacity of BPMN, which is the process modelling
language used in the company, the manager find that it is difficult to represent this
rule diagrammatically in the process model, as representing this rule diagrammat-
ically needs several gateways and activities to represent, and needs to change other
activities and the control flow in activity group ‘Investigate Jobs’. Thus, following
our decision framework, in the third decision point, the manager decides to model
the business rule using text embedding.

Rule 4 is about collecting data to make the quotes. As customers can have the
right to choose using second hand parts and brand new parts, different quotes
should be given to them. The manager has found that some customers were only
offered the quote for the brand new parts, which leaded to the refusal of the car
repair service because of the high cost. Thus, following our decision framework, in
the first decision point, the manager decides to integrate this business rule. The
manager finds that this rule is used only in this process model, and the rule wasn’t
changed in the last year. The manager believes that this rule will remain stable for
the foreseeable future. Thus, following our decision framework, in the second
decision point, the manager decides to integrate this rule using embedding. After
checking the representation capacity of BPMN, which is the process modelling
language used in the company, the manager find that this rule can be represented
properly using a few BPMN symbols. Thus, following our decision framework, in
the third decision point, the manager decides to model the business rule using
diagrammatic embedding.
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Figure 7.6 shows the car repair process model after rule integration. As seen in
Fig. 7.6, Rule 1 is not integrated with the process model, Rule 2 is linked to the
process model using a linking icon attached to activity ‘Work Out Quote Options’,
Rule 3 is integrated with the process model, using a text annotation attaching to
activity ‘Identify Internal Works’, and Rule 4 is integrated with the process model
using activity symbols ‘Get Brand-new Parts Prices from Stock and ‘Get
Second-hand Parts Prices from Stock’, and a parallel gateway.

7.5 The Decision Framework Evaluation

The evaluation of the framework can be undertaken through a series of empirical and
longitudinal investigations in organizational contexts. Such an in-situ study will
further require requisite tool support and integration with the business rule software
and systems specific to the organization. Given the time and tool development
demands of the study, the evaluationwas deemedoutside the scope of this thesis. Thus,
here we only introduce a recommendation of how such a study can be carried out.

The focus of the evaluation is to have a deeper understanding of what conse-
quences the adoption and use of the decision framework has in organizations, and if
the decision framework can guide organizations to improve the management of
process models and rules. We propose the use of case study research methodology
for this study. Case studies observe a subject in real life settings through a period of
time, and includes the complex interaction between the researcher and the many
parts of the research environment. Case study is a methodology adopted by
researchers to study the effect of an artefact or a project in real settings such as in
[177, 178]. Thus, case studies match the evaluation requirements of the decision
framework.

A selection of an appropriate population can control extraneous variation and
help to define the limits for generalizing the findings [179]. Thus, we suggest to use
theoretical sampling to select cases as suggested by [180] and select organizations
in which process models and rules are actively used. As only limited number of
cases can be studied, it is advisable to select cases such as extreme situations and
polar types [181]. Thus, we suggest that only select organization which are facing
difficulties in the management of process models and rules, and have the needs to
improve the management. The includes organizations that demonstrate a need to
improve the shared understanding of business processes and rules between different
departments, or at least to avoid misunderstanding, to improve process executers’
awareness and understanding of operational rules thus to avoid breaches of policies
and to improve compliance management, to save the time and resources needed to
update a rule when the rule requires a change by internal policies or external
regulations, and to save the cost to manage different instances and versions of the
same rule, etc. Organizations in heavily constrained sectors such as finance and
health industry could be ideal candidates for the case study.
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As the consequences of adopting the decision framework can be experienced in
different ways by different people [178], we suggest to collect data from people of
different roles, different management levels and different departments who are
involved in the use of process models and rules. The example roles can be process
modellers, rule and policy designers, IT development and IT support team, internal
auditors, process executors, etc.

A set of rules and process models will be selected as the target for the decision
framework. The selection of rules and process models should also fill theoretical
categories and provide examples of polar types [179] to support generalizing the
findings. Thus, to evaluate the decision framework, the characteristics of rules and
process models that should be covered in the selection will include but not be
limited to (1) the need for understanding, (2) the change frequency, (3) the need for
agility, (4) the need for reusability, and (5) the need for accessibility. Moreover,
both of the two polar values of a characteristic should be selected. For example,
rules that change frequently and those that remain stable should both be selected,
and process models that operate within a department and those that are shared
between different departments should both be selected.

To evaluate the decision framework, the framework needs to be implemented as
a decision support system which integrates with existing systems in the organiza-
tion. By integrating the decision support system with other systems in the orga-
nization, the decision support system can collect data that can provide essential
information to the decision makers from other systems. The information can largely
improve the ease of use of the decision systems by saving the decision maker’s time
and effort in collecting data. For example, The Red Hat JBoss BPM Suite1 and
BRMS2 are open-sources business process and business rule management systems
which can produce essential data which are needed in the decision making. By
integrating with the JBoss BPM Suite and BRMS, the decision support system can
automatically collect the following data. It can collect rule change frequency
information and agility information from rule edit logs. It can collect performance
information and non-compliance information from process execution event logs. It
can also collect information of how many process models or activities does a given
rule constraints and what they are, and represent this information in a consumable
form for the decision maker.

Data collection in the case study can be carried out in two stages, i.e. the
pre-deployment stage and the post-deployment stage.

Data collection in the pre-deployment stage needs to capture the state of the
organization (in terms of rules and process models management) before the decision
support system is implemented, thus to establish a baseline to be compared with the
state of the organization after the use of the decision support system. The data can
be collected from two types of sources. The first is people, the second is the
systems. Semi-structured interviews can be used to collect data from people of

1https://developers.redhat.com/products/bpmsuite/overview/.
2https://developers.redhat.com/products/brms/overview/?referrer=jbd.
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different roles of different management levels who are involved in the use of
process models and rules. The interviews focus on data about the use of the process
models and rules, including how business rules are managed and used in the
organization, how business rules are integrated with process models, and the
problems that different people have faced in the past, such as compliance problems,
system implementation problems, training problems, etc. Casual conversations and
meeting archives are other means to collect such data. A variety of data about the
process models and rules management state before the adoption and use of the
decision support system can be collected from different systems, such as customer
management systems, process execution and monitoring systems, rule management
systems, audit systems, etc. Data such as the number of customer complaints,
number of unexpected process operations and non-compliant behaviours are all
directly related with the management of process models and rules.

Data collection in the post deployment focuses on the use of the decision
framework, and what the decision framework brings to the organization. Data about
the use of the decision support system includes answers to the questions of: How is
the decision support system being used by the users to make rule modelling
decisions? How much training is needed to use the decision support system? How
easily it can be used? What are the problems that occurred during the use? Do the
decision makers think that the decision support system is making good quality
decisions? How useful is the decision support system from the views of managers,
modellers, auditors, and process operators?

Data to answer such questions could be collected not long after the decision
support system is implemented. On the other hand, data to answer the questions
about what consequences the use of the decision system brings to the organization
requires a longitudinal study. As the representation of some rules changes after the
use of the decision support system, some separated rules are either linked to process
models, texted embedded, or diagrammatically embedded in process models. The
consequences can only be observed when activities related to the newly represented
rules take place. For example, the cost of rule change can only be observed when
rules are changed a few times according to the requirements of internal policies,
strategies, or external regulations. The benefits of rule linking can be observed after
a rule is further used in more than one process models. Data collected in this stage
includes: Have the rule modelling decisions suggested by the decision support
system improved the management of process models and rules, in terms of
understanding of process models and rules, cost of rule change, rule change agility,
accessibility, ease of rule reuse, rate of process misbehaviour, etc.

The data collected in the two stages will allow as have a rich and comprehensive
understanding of what happens in practice. By interpreting the data collected, we
can have deeper understanding of the effects of different rule integration methods to
different process models, rules, people, and systems. The decision framework and
the decision support system will go into a redesign phase that incorporates the
knowledge interpreted from the data about the ease of use of the decision support
system, the quality of the decisions made it, and the difficulties to implement
different integration methods, etc.
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7.6 Chapter Summary

In this chapter, we introduced how we design and develop the rule modelling
decision framework. The research methodology of this study is Design Science
[86]. We first introduced the problem identification and definition of objectives.
Then we present the knowledge that underpins the design of the decision frame-
work. Following this, we introduced the design, demonstration, and an outline of
the evaluation of the decision framework.
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Chapter 8
Conclusion

8.1 Overview

Both business processes and business rules focus on creating a representation of the
organization’s policies and practices. They are complementary modelling approa-
ches as they address distinct aspects of organizational practices. The conceptual and
pragmatic overlap between business process models and business rules indicates a
need to model the two related aspects together. While researchers have argued that
integrated modelling of business process models and business rules can improve the
understanding of business processes, this proposition has neither been theoretically
analysed nor empirically evaluated. Moreover, there are situations in which a
business rule is better modelled independently of a business process model, but also
situations in which it is more appropriate to integrate the rule with a business
process model.

Thus, the aim of this thesis was to develop a decision framework that guides
modellers on whether or not to integrate a business rule with a business process
model. Towards this aim, we have undertaken three interrelated studies. This
chapter summarises the major contributions of the thesis, the limitations, and an
overview of the future work.

8.2 Summary of Contributions

In study 1, we found that rue linking can improve user understanding of process
models.

Study 1 theoretically analysed and empirically evaluated whether business rule
integration can improve business process model understanding. As introduced in
Chap. 1, current body of knowledge lacks the knowledge that if such integration
can improve understanding, why such integration can improve understanding, and
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which aspect of understanding can such integration improves (understanding
accuracy, understanding time efficiency, and the cost of mental effort in under-
standing). Only when we can answer these questions, we can have a deep under-
standing of rule integration, thus develop modelling languages and methods which
can further improve the modelling of processes and rules.

This study used an experiment investigating the effect of process model
understanding of a specific rule integration approach, rule linking, which uses
graphical links to connect process model symbols with rules. We used a
cross-group experiment design with student groups, giving two groups the same
process models and rules, but different rule representations. In one group, the rules
are linked to process models while separated in the other group. We used com-
prehension questions to test the understanding accuracy and used an eye-tracker to
measure the understanding efficiency.

We focused on 3 aspects of understanding: accuracy, time efficiency, and mental
effort. Our results suggest that the use of rule links has a positive effect to all the 3
aspects of understanding as compared to process models with associated rules that
are separately available. When investigating the effects to the process model, the
rules, and questions individually, our results show that the reduction of time and
mental effort in reading the rules contributes most to the overall reduction of time
and mental effort.

We also found that while rule links can reduce time spent per visit overall, which
is mainly caused by the reduction of time spent per visit in reading the rules, it will
not increase the overall number of attention switches in the three areas. Instead, rule
links can increase visits to the process model while decrease visits to the rules. By
investigating attention switches in the three areas in pairs, we found that linked
rules can increase the attention switches between the process model and the
questions, and between the process model and the rules, while decrease the
attention switches between the rules and the questions. The increase of attention
switches between the process model and the rules indicates that given linked rules,
participants focus more on integrating information from rules and a process model,
and answer questions. The decrease of attention switches between the rules and the
questions, and the increase of attention switches between the process model and the
questions, indicates that given separated rules, participants relied too much in the
rules area to answer the questions, instead of using information from process
models, thus resulting a lower quality of understanding.

In study 2, we identified and evaluated factors that can affect rule integration
decisions.

Study 2 identified and evaluated factors that will influence the decision as to
whether or not a business rule should be integrated with a business process model.
As introduced in Chap. 1, there are situations under which a business rule is better
modelled independently of a business process model, and also situations under
which it is more appropriate to integrate the rule with a business process model. It
follows then, that an important aspect of integrated modelling is the understanding
of such situations and how they influence business rule representation. While the
decision in regards to how a rule should be modelled is not a straightforward one,
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little guidance exists that can help modellers make such a decision. This short-
coming results in fragmented and inconsistent business process and rule models.

In Study 2, we carried out a systematic process of identification of factors that
are thought to influence the decision about whether or not to model business rules in
an integrated manner. To identify these factors, a systematic literature review was
conducted based on a comprehensive set of well-regarded Information Systems and
Computer Science journals and conferences and twelve factors were identified. An
online survey was carried out with the participation of the authors of the papers that
were the sources for the factor identification to validate the identified factors, and to
evaluate their relative importance and effects on the decision as to whether a
business rule should be integrated with a process model.

We identified from literature twelve factors that potentially influence a decision
on whether a business rule should be modelled separately or integrated in a process
model. We empirically explored the importance of each identified factor with
academic participants, and identified agility as the most important factor, followed
by criticality, rate of change, and reusability, while accessibility, awareness of
impact, complexity, governance responsibility and scope of impact, with aspect of
change, implementation responsibility and rule source being the least important
factors. We also explored indications of how a business rule should be modelled
given a specific context of each factor, and derived seven guidelines for rule
modelling. By following these guidelines in deciding whether to model a business
rule separately or integrated in a business process model, process modellers can
achieve representations of business operations that facilitate better understanding,
maintainability, accessibility, and reusability in terms of business rules.

In study 3, we designed a rule integration decision framework that can help
modeller to make informed decision on whether and how to integrate a business
rule with a business process model.

Study 3 developed a decision framework that guides modellers on whether or not
to integrate a business rule with a business process model. In current literature, there
is a lack of guidance outlining the circumstances under which business rules should
be integrated in a business process model, yet such a decision is not a straight-
forward one. There are situations under which it may be more appropriate to
integrate a business rule with a business process model, and situations under which
a business rule is better modelled separately from a business process model. The
wrong decision will increase the cost of system maintenance, reduce business
process flexibility and reusability, and jeopardize compliance.

The decision framework is designed based on knowledge in literature and
knowledge built in Study 1 and Study 2, and consists of 3 components: the inputs,
the outputs, and the model. The inputs include a process model repository, a rule
repository, and the modeller’s inputs of the characteristics of a rule such as the need
of accessibility, agility, change frequency, the need of reusability, etc. The mod-
eller’s knowledge about the rule, the relevant process models, the modelling lan-
guages and systems being used, and other organizational settings are essential for
the modeller to measure the characteristics of a rule. The outputs of the decision
framework are the four possible solutions of how to model a business rule,
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including (1) model the rule separately, (2) link the rule with related process
models, (3) diagrammatically embed the rule, or (4) embed the rule as texts.

The model part of the decision framework follows a step by step manner and
contains three decision points thus the decision maker can see why a decision path
is selected at each step until a final solution is reached. The decision framework
model consists of three decision points. For a given business rules, decision point 1
makes a decision between separation and integration. If the resources need to
implement the integration exceed the benefits, then the decision should be leave the
rule separate as it is. Otherwise, the decision should be to integrate the rule.
Decision point 2 makes a decision between link and embedding. For a given
business rule, if the need for any of the high agility, frequent change, high acces-
sibility, or high reusability is essential, the rule integration method is link.
Otherwise, the rule integration method is embedding. Decision point 3 makes a
decision between text embedding and diagrammatical embedding. If a business rule
can be diagrammatically represented in a process model, the decision of rule
integration is to use diagrammatical embedding. Otherwise, the decision of rule
integration is to use text embedding.

8.3 Research Limitations and Future Work

This research is not without limitations. The limitations in study 1 relate to validity
of the experiment. In terms of internal validity, our use of a between group repeated
measure experiment helped eliminate many confounding factors, and statistics show
that the two groups are balanced in experiment performance. However, due to the
weak validity of subjective measures about business process and rule models
familiarity and domain familiarity, we cannot tell if the two groups are balanced in
these aspects. Second, the different layout of screen areas could possibly affect the
results. Recall that we have three areas on the screen, viz. Process Model Area, Rules
Area and Question Area, and the Rules Area is allocated at the right side of the
screen. It is possible that the experiment results will be different if we change the
location of each area. For example, if the Rules Area is allocated to the centre of the
screen, the rules may be easier to be noticed and information needed may be easier to
retrieve. Third, time is a factor that can affect cognitive metrics such as under-
standing quality. In our experiment, time is a dependent factor instead of a factor,
and the results show that in each run of the experiment, the group using linked rules
spent less time than the group using separated rules. Thus, our conclusions are not
based on the equality of time between the two groups, and some conclusions may not
be true given two groups have the same time. For example, the group that using
separated rules spent more time in each run, while got lower answer correctness, and
we may infer that given equal time, the group using separated rules will have even
lower answer correctness so the conclusion 1 remains to be true. However, given
equal time, the difference of overall number of attention switch between the two
groups may be significant, thus conclusion 9 may not be true.
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In terms of construct validity, we operationalized each construct in our study in
limited ways. We only used objective measures for quality and efficiency of
understanding, and only manipulated the representation of business rules in two
ways (linked rules and separated rules), and the questions were designed to test the
understanding of the effect of business rules on business process models. Following
[52], it would have been ideal if we had measured the perceived quality and
efficiency of understanding, manipulated the representation of business rules in
other ways such as diagrammatical integration, and asked questions only about a
process model itself. Thus, our research results are limited to the treatments,
measurements and questions that we used.

Finally, in terms of external validity, we used a sample of university students
rather than a sample of practitioners. Moreover, we cannot say that the process
models, rules, and questions we used faithfully reflect those used in organizations in
practice. Organizations may use more complex process models and lager number of
rules, and the tasks may be more challenging. Third, the way that rules are sepa-
rated from process models in practice are different from our study. In our experi-
ment, rules are positioned side by side with a process model. In practice, rules are
scattered around in different sources such as policy and procedure documents,
training materials, spreadsheets, which are not side by side with a process model
[53]. However, we can generalize that separated rules can result in worse
under-standing quality, efficiency and mental effort, when more rules are intro-
duced, and when rules are not side by side with a process model but in other
documents or applications. Clearly, more field studies are needed on this topic to
investigate how the separation of rules from process models affect under-standing in
practice.

Study 2 has three limitations. First, this study focuses on the factors which have
a relatively high level of influence. Different modelling languages, tools and inte-
grated modelling methods will affect these factors differently and will be a
promising topic for future research. Second, we limit our scope of rules to those that
can be both modelled independently as well as modelled with a business process.
The rules that do not have the capability to be modelled into processes are beyond
our discussion since there is no option for an alternative modelling decision.
Although semantics and types of rule can be used to distinguish these rules in some
cases, modellers still need to judge each rule individually according to its charac-
teristics. Last, our study participants are predominantly academic experts in the
field. The views of common practice are also critical to understand and are the next
step in our study. Following that step, we plan to develop a decision framework and
prototype to guide business rule modelling decisions. We expect that further
empirical study will help to extend the decision framework through deeper insights
into the decision processes.

The main limitation of study 3 is that the decision framework is not evaluated in
practice. Although we have evaluated the essential constructional components of
the decision framework such as the effect of rule linking to understanding, the
factors that affect the decision of rule integration, the overall decision framework is
not evaluated. The evaluation of the decision framework needs to be undertaken

98 8 Conclusion



through a series of case studies as it requires empirical and longitudinal investi-
gations in organizational contexts. The study also requires the decision framework
to be implemented as a tool and to be integrated with the business rule software and
systems specific to the organization. Given the time and tool development demands
of the study, the evaluation was deemed outside the scope of this thesis and can be
done as a future work. Another limitation is that the decision support system
requires requisite inputs to process the recommendation, which includes the mod-
eller’s inputs of the characteristics of rules, the relevant process models, the
modelling languages and systems being used, and other organizational settings.
These inputs may not be readily available and some level of investment will be
required by the organization to ensure that this information is visible and accessible
to the users of the decision framework.

We foresee two extensions of our work. Firstly, as introduced in Chap. 2, Link is
one of the three types of rule integration approaches, and the other two are text
embedding and diagrammatic embedding. We selected rule linking in our experi-
ment investigating the effect of rule linking on business process model under-
standing, and the effect of text embedding and diagrammatic embedding on
business process model understanding are not evaluated yet. As introduced in
Chap. 4, different integration approaches could affect the cognitive process of
business process models differently in each of the four cognitive stages, and the
effects are not evaluated. Secondly, as introduced in Chap. 7, an empirical evalu-
ation of the decision framework in practice via case studies is needed to study the
practical applicability of the decision framework.
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Appendix A: Online Survey

Research Project Information Sheet
Thank you for your interest in our study. This page provides you with information
about our project, and your right in participating this survey. If at any time you wish
to discuss the content of this survey, please feel free to contact us via the contact
details below.

Project Title:
Evaluation of Factors Affecting Business Rule Modelling
Investigator:
Wei Wang
PhD Student, School of Information Technology and Electrical Engineering,
University of Queensland
w.wang9@uq.edu.au

Supervisors:
Prof. Shazia Sadiq
School of Information Technology and Electrical Engineering, University of
Queensland
shazia@itee.uq.edu.au
A/Prof. Marta Indulska
UQ Business School, University of Queensland
m.indulska@business.uq.edu.au

Expected duration:
The survey can take 15–30 min. However, there is NO time limit for any of the
questions. You can spend as much time as you need.
The progress bar at the end of each page will indicate the progress of the survey.
Questions starting with an asterisk (*) must be answered.
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Purpose of the project:
A business process is a collection of activities that takes one or more kinds of input
and creates an output that is of value to the business. Business process modelling is
a process of extracting, organizing and representing business activities to guide the
analysis, implementation and to capture knowledge of business processes. Such
structures also involve business rules, which describe constraints and requirements
guiding and controlling the behaviour of business activities. Laws, regulations,
policies and best practices are typical sources of business rules.

A business process can be represented as a process model, or as a set of business
rules, or a combination of both. Whether a rule should be embedded into a business
process model or modelled independently in a rule repository is an important
question in the modelling of business processes. The study is focused on identifying
and evaluating the factors that affect the decision of where to model business rules.
Prior research has identified or implied several factors of business rules which may
affect the placement of business rules, i.e. whether to model a business rule
embedded in a business process or whether to model it independently using a
business rule notation. We have identified these factors through a literature review
and with this study we aim to evaluate the relative importance of these factors.

Your involvement:
In this study you will be given a questionnaire about factors that may affect
modelling of business rules. You should rely on your knowledge and experience
when answering these questions.

Details of participation:
Your involvement in the survey is voluntary and you have the right to stop the
survey any time you wish during the session by exiting the survey system. You do
not need to ask for permission to withdraw, nor give reasons for withdrawing.
Should you withdraw from the study your data will be deleted.

Risks to you:
There are no risks to you participating in this study, beyond those that exist in
normal everyday life.

Use of information:
All information provided by you will be used for this study and only serves the
stated purpose of the study.

Confidentiality and privacy:
All personal data collected will be kept confidential prior to going through the
de-identification process. No identifying information will be used in compiling the
results of this research, and all information collected will be kept secure in an area
of the School of Information Technology and Electrical Engineering network, so
that it is properly backed up and preserved as per NHMRC/ARC guidelines. The
information from the consent form, as well as the raw data collected will be kept
confidential. In addition to the production of a PhD, the de-identified results of the
study may be used for publication purposes in scientific journals and conferences.
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This study adheres to the Guidelines of the ethical review process of The
University of Queensland and the National Statement on Ethical Conduct in Human
Research. You are free to discuss your participation in this study with one of the
researchers involved in the project. Alternatively, if you would like to speak to an
officer of the University not involved in the study, you may leave a message with
the School Senior Administrative Officer - Research (rao@itee.uq.edu.au), for an
ethics officer to contact you, or contact the University of Queensland Ethics Officer,
Michael Tse, on 3365 3924, e-mail: humanethics@research.uq.edu.au.

Participation Consent Form
I have been provided with information about the procedure for evaluating factors
affecting business rule modelling and I agree to take part. I understand that the
study and the data are being used as part of a PhD research project. I understand that
my participation is voluntary. I understand that I can withdraw from the study at
any point for any reason. I understand that I will receive no benefit from this survey.

The handling of my data from this study has been explained to me. I understand
that raw data collected is kept on a secured sever at the University of Queensland.
I understand that data will not be shared with other people outside the project and
that results from the data analysis will not reveal my identity.

Data collected will be analysed in private and its confidentiality will be main-
tained. This consent form will be stored separately from the data and will not be
linked with the data in any way.

Researcher:
Wei Wang
School of Information Technology and Electrical Engineering
w.wang9@uq.edu.au
+61 7 33651186
Responsible UQ Staff Member:
Professor Shazia Sadiq
School of Information Technology and Electrical Engineering
shazia@itee.uq.edu.au
+61 7 3365 1999
Associate Professor Marta Indulska
UQ Business School
m.indulska@business.uq.edu.au
+61 7 3346 8034

I Agree
I Disagree
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The Survey
Approximately, how many business process modelling notations or languages you
have used?

Approximately, how many business rule modelling notations or languages you have
used?

Approximately, how many years experience do you have in business process
modelling overall?

Approximately, how many years experience do you have in business rule modelling
notations overall?

Approximately, how many business process models you have created over your
working life?

A business process can be represented as a process model, or as a set of business
rules, or a combination of both. Whether a rule should be embedded into a business
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process model or modelled independently in a rule repository is an important
question in the modelling of business processes. In the following, you will be asked
to evaluate the 12 factors that have been identified through a literature review and
may affect the decision of where to model business rules. Each factor will be
defined and explained. You will be asked to indicate your opinions on the
importance of the factor, its effect on the modelling of the business rule and which
aspect(s) it will improve. Please consider each factor in isolation when answering
the following questions.

Factor: Rate of Change
Description: Rate of Change refers to the frequency at which a business rule
requires modification. Business rules can change in response to changes in regu-
lations and policies.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where rate of change is frequent, and second where rate
of change is infrequent, where do you think a business rule should be modelled?

Factor: Accessibility
Description: Accessibility refers to the stakeholders’ ability to view and manipulate
a business rule. If a stakeholder can easily view or manipulate a rule in a format that
is suitable to his or her need, then the rule has high accessibility, otherwise, the rule
has low accessibility.
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How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where accessibility is high, and second where acces-
sibility is low, where do you think a business rule should be modelled?

Factor: Agility
Description: Agility refers to how quickly a business rule can be adapted to a
change. Rate of change deals with how frequently the rule needs to be changed, and
agility deals with how long will it take for each change to be modelled in a rule.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where a rule can be adapted to a change quickly, and
second where the adaptation of a rule is slow, where do you think a business rule
should be modelled?
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Factor: Aspect of Change
Description: Aspect of Change refers to the component of the rule that can be
changed. For example, the trigger condition of a rule, the reaction, the value of a
parameter, and/or the whole logic of the rule. Depending on the component, the
change might be simple or complex.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where aspect of change is simple, and second where
aspect of change is complex, where do you think a business rule should be
modelled?
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Factor: Awareness of Impact
Description: Awareness of Impact refers to how well the implications of a business
rule, or its changes, are understood. Some business rules have a direct and clear
impact, while other rules may have an indirect or unclear impact. Thus, the impact
may or may not be clear to the stakeholders.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where impact is clear, and second where impact is
unclear, where do you think a business rule should be modelled?

Factor: Complexity
Description: Complexity refers to the level of difficulty in defining or understanding
a business rule. Some rules are simple and some rules can be complex in nature.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?
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Please indicate a reason for your judgement:
Considering two cases, one where a business rule is simple, and second where a
business rule is complex, where do you think the business rule should be modelled?

Factor: Criticality
Description: Criticality refers to the importance of the rule. Violation of critical
rules can lead to severe consequences for the organization, while violation of
non-critical rules may be less severe.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where criticality is high, and second where criticality is
low, where do you think a business rule should be modelled?
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Factor: Governance Responsibility
Description: Governance refers to who ensures that business activities are in
accordance with rules. Rules can be governed automatically by programs/systems,
or manually by humans.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where program is responsible for the governance, and
second where human is responsible for the governance, where do you think a
business rule should be modelled?

Factor: Implementation Responsibility
Description: Implementation Responsibility refers to who is charged with imple-
menting or updating the business rule. Both business users and technical users
could be responsible for the implementation of a business rule.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

110 Appendix A: Online Survey



Please indicate a reason for your judgement:
Considering two cases, one where technical users are responsible for the imple-
mentation, and second where business users are responsible for the implementation,
where do you think a business rule should be modelled?

Factor: Reusability
Description: Reusability refers to the potential for a rule to be used in new contexts.
An existing business rule may be adapted or modified to fit new contexts and
scenarios to reduce resources required in developing new rules.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where potential for reusability is high, and second
where potential for reusability is low, where do you think a business rule should be
modelled?
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Factor: Rule Source
Description: Rule Source refers to the origin of the business rule. Rule sources
could be external or internal – e.g. laws and regulations or internal policies and
standards.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?

Please indicate a reason for your judgement:
Considering two cases, one where a business rule comes from an internal source,
and second where a business rule comes from an external source, where do you
think the business rule should be modelled?

Factor: Scope of Impact
Description: Scope of Impact refers the breadth of the impact of the rule. The
impact of a business rule can be focused on an activity, an entire process, a
department or the entire organization.

How important is this factor in determining how a business rule should be modelled
(i.e. embedded in a business process or modelled separately)?
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Please indicate a reason for your judgement:
Considering two cases, one where the scope of impact is broad, and second where
the scope of impact is limited, where do you think a business rule should be
modelled?
Please rank the factors in descending order of importance. Drag at least 5 factors
from the left and drop them to the box on the right. Use drag and drop in the box on
the right to rank the selected factors.
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If there are other factors that you think are likely to affect where a business rule is
modelled, please suggest them here and provide a brief explanation for your
inclusion:

If you are interested in a summary of the results once the study is completed, please
leave your email address to receive the result. Your email address:

Thank you for your participation!

114 Appendix A: Online Survey



Appendix B: Experiment Materials

Process 1

Process Model

Rules

Rule 1: At least 20 experts are required to be confirmed for this project, and the
ratio between confirmed national and confirmed international experts should be
greater than or equal to 2:1. Otherwise, activity group ‘Select Experts’ must be
executed again.
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Rule 2:When activity ‘Contact Experts’ is executed for the first time, only national
experts can be selected and contacted. If activity ‘Contact Experts’ is executed for
the second or more times, both national and international experts can be contacted.
Rule 3: If activity group ‘Select Experts’ is executed for two or more times, the
date for meeting shall be fixed at the same date as the previous date. If this is not
possible, all selected experts shall be informed about the new meeting date,
including experts who are contacted in previous executions of activity group
‘Select Experts’ but cannot confirm on the previously fixed date.
Rule 4: Construction cost is a one-off cost and cannot exceed 3 billion.
Rule 5: Operating cost is limited to 2 billion for the entire project. Operating cost
per year cannot exceed 10% of operating cost for the entire project.
Rule 6: Operating cost for the entire project cannot exceed 50% of the total budget.
Rule 7: In activity “Assess Public Feeling Towards Project”, a survey with at least
500 participants must be carried out to assess public feeling towards the project.
Rule 8: If over 30% of the public feels negative about the project in activity
‘Assess Public Feeling Towards Project’, then activity ‘Find Marketing Firm’
needs to be executed.
Rule 9: In activity “Define Marketing Plan”, the marketing plan includes plan on
newspapers, plan on the television, and plan on the Internet.
Rule 10: If over 60% of the public feels negative about the project in activity
‘Assess Public Feeling Towards Project’, then activity ‘Conduct Marketing
Campaign’ must be executed for at least 6 months to be finished.

Questions

Question 1: In the process execution described below, is there any violation? If yes,
specify the violation and explain which rule(s) has been violated:
When activity ‘Contact Experts’ was executed for the first time, 20 national experts
were contacted. Then 15 national experts were confirmed in activity ‘Assess
Confirmations’. Then activity ‘Send Official Invitation Letters’ was executed.
Question 2: In the process execution described below, is there any violation? If
yes, specify the violation and explain which rule(s) has been violated:
In activity ‘Assess Public Feeling Towards Project’, over 65% of the public felt
negative about the project. Activity ‘Conduct Marketing Campaign’ was started in
January, and was finished 4 months later after being started. Then activity ‘Inform
Experts about the Project’ was executed.
Question 3: In the process execution described below, is there any violation? If
yes, specify the violation and explain which rule(s) has been violated:
As the result of the execution of activity group ‘Define Financial Cost’, total
budget for this project is 3 billion, construction cost is 1 billion, operating cost is 2
billion for the entire project, and operating cost per year is 0.2 billion.
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Process 2

Process Model

Rules

Rule 1: In activity ‘Investigate Car’, if there is any problem that can only be fixed
by external mechanics, then activity group ‘Investigate External Mechanics’ must
be executed.
Rule 2: Two special mechanics need to be contacted in activity ‘Contact External
Mechanics’, and in activity ‘Get Quotes and Time’, at least one of the external
mechanics is available in the following two weeks. Otherwise, activity group
‘Investigate External Mechanics’ must be executed again.
Rule 3: In activity group “Investigate Parts”, both price of a second-hand part and
price of a brand-new part must be collected.
Rule 4: If in activity ‘Check Storage’, a part needed is not in stock, then in activity
‘Get Parts Prices’, the part should have a price for brand new one, and a price for
second hand one.
Rule 5: If in activity ‘Check Storage’, a second hand part is in stock, then in
activity ‘Get Parts Prices’, only the price for a brand new one is needed. If in
activity ‘Check Storage’, a brand new part is in stock, then in activity ‘Get Parts
Prices’, only the price for a second hand one is needed.
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Rule 6: In activity ‘Identify Jobs’, only the jobs that will be done by internal
mechanics need to be identified.
Rule 7: In activity ‘Calculate Job Costs’, job costs are calculated as the sum of the
costs of jobs which will be done by internal mechanics. Quotes of external
mechanics will not be included in the job costs.
Rule 8: In activity ‘Work Out Arrangements’, the quotes in the arrangements are
the sum up of quotes of external mechanics, parts prices and job costs.
Rule 9: In activity ‘Send Arrangements to Customer’, the arrangements will
include prices both for second hand parts and prices for brand new parts.
Rule 10: In activity ‘Arrange Time with Mechanic’, the mechanic which fits the
customer’s time requirements must be contacted, and a time will be arranged. The
time arranged cannot be earlier than the day that the needed parts arrive.

Questions

Question 1: In the process execution described below, is there any violation? If yes,
specify the violation and explain which rule(s) has been violated:
In activity ‘Contact External Mechanics’, two external mechanics were contacted
respectively. In activity ‘Get Quotes and Time’, the earliest available time of the
two mechanics were two and three weeks later respectively. Then activity
‘Investigate External Mechanics’ was considered as finished.
Question 2: In the process execution described below, is there any violation? If
yes, specify the violation and explain which rule(s) has been violated:
In activity group “Investigate Parts”, a car needed two parts to be fixed: part A and
part B. In activity ‘Check Storage’, a second-hand part A is in stock. Then activity
‘Contact Part Sellers’ was executed. Then in activity ‘Get Parts Prices’, the prices
for a second-hand part B were collected. Then activity group ‘Investigate Parts’ was
considered finished.
Question 3: In the process execution described below, is there any violation? If
yes, specify the violation and explain which rule(s) has been violated:
In activity ‘Identify Jobs’, two local jobs Job1 and Job2 were identified, and the
costs were $500 for each of the two jobs. In activity ‘Get Quotes and Time’, the
quote of external mechanics was $300. Then in activity ‘Calculate Job Costs’, the
job costs were calculated as $1300.
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